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FORWORD

This program has been conducted at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri, 64110, under Contract No. F04611-67-C-0079 (Mid-
west Research Institute Project No. 3O44-C) and covers the period 1 February 1967 -

31 January 1968. Project personnel have consisted of Dr. Edward W. Lawless, who
served as project leader, Dr. Thomas Lapp and Miss Hope M. Howard, all under the gen-
eral. supervision of Dr. Albert D. McElroy, Head of MRI's Physical and Inorganic
Chemistry Section. Drs. Lapp and Lawless contributed the chapters on organic and in-
organic derivatives, respectively, and Miss Howard prepared the physical properties
tables and provided general assistance in document acquisition, control and publica-
tion. Dr. Harold Orel reviewed the manuscript editorially. Lt. C. S. Stone,
Lt. Thomas E. McCann and Dr. L. Quinn have served as Project Engineers for the Air
Force Rocket Propulsion Laboratory.

Under a previous contract, Midwest Research Institute completed and dis-
tributed two reviews related to the advanced propellant ingredients: "A Critical
Review of the Chemistry of Advanced Oxidizers, Volumes I and II" (31 December 19SS)
and "A Critical Review of the Chemistry of Advanced Fuels" (1 March 1966). Because
of the continuing research on such materials and the Air Force's interest in ad-
vanced propellant chemistry, the present review program was initiated with the ob-
jective of preparing three annual sapplements to the previous MRI reviews. Because
of funding cutbacks, this program was terminated during the first year. This review
therefore covers only a portion of the propellant chemistry included in the previous
review.

Publication of this report does not constitute Air Force approval of the
report's findings or conclusions. It is published only for the exchange and stimu-
lation of ideas.

This technical report has been reviewed and is approved.

W. H. EBELKE, Colonel, USAF
Chief, Propellant Division
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ABSTRACT

This xreview summarizes much of the chemistry of advanced oxidizers which
have been reported since the completion of the previous MRI report, "A Critical Review
if the Chemistry of Advanced Oxidizers," Volumes I and II, 31 December 1965, which was

prepared for the Advanced Research Projects Agency under Contract DA-31-ARO(D)-l8, Mod.
iNo. 2 & 3. The present reviow covers the areas of inorganic N-F, Cl-F and 0-F oxi-
dizers and organic NF oxidizers with N-containing functional, groups, or N-N bonds.

Other advanced oxidizers and advanced fuels which were described in the previous review
could not be covered in detail in the present review because of contract termination,
but properties data and literature references are tabulated for all types of advanced
oxidizers. These tabulations include physical properties data on 170 compounds, thermo-
dynamic data on 93 compounds and spectral information on 239 compounds. The review
contains 29 tables, 595 references to technical repo:ýts or papers presented at symposia,
210 references to open literature publications, and 236 pages.
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I. INTRODUCTION

The intense research effort on advanced oxidizers and fuels during the
period 1955 - 1965 has recently been critically reviewed (284a). Although Govern-
ment support of advanced propellant chemistry has since been much reduced, a sub-
stantial number of sponsored programs have continued and new research results are
regularly appearing in the literature from industrial, academic and foreign labo-
ratories. Hence, the objective of this program was to provide three annual supple-
mentary critical reviews of the chemistry of advanced oxidizers and fuels. Be-
cause of the abrupt contract termination during the first year, the scope of this

supplement was necessarily reduced to those chapters most nearly completed. This
supplement is not, therefore, to be considered a complete review, even for the
chapters included. Also, the recent flood of published papers resulting from de-
classification of much of the oxidizer chemistry could not be fully integrated.
In order to make this document as useful as possible to the reader, extensive
bibliographies have been made of technical reports received for review and of
published papers noted in literature searches.

In general, the text is limited to coverage of one area of organic CNF

oxidizers and the inorganic NF, CIF and OF, oxidizers. The properties tabulations
include all data accumulated on oxidizers and fuels. The organic oxidizer area
describes NF compounds with N-containing functional groups or NI bonds. These
chapters summarize reactions of compounds which have, in addition to their NF2

content, one or more of the following N-containing groups or structural elements:
amide (-C(=O)N4), amidine (-C(=N)N'), amine (-NH,). biguanide (>N-C(=N)*C(=N)N%),
biguanidine (>NC(=N)k-NC(=)N.), biurea ONC(-O)'-NC(=o)N%), cyanamide (.IN-CN),
cyanide (-CN), dicyanamide (-N(CN) 2 ), fluoramine (NFH), fluorimine (=NF),

guanidine (>NC(=NII)N), imine ()C=A), isocyanate (NCO), or urea (,%N(=O)N%); N-
containing rings such as piperidine, pyrrolidine or triazine, N-N, N=N and

N-NO2 . This portion is arranged into chapters divided according to the follow-
ing general classes: (1) amines, (2) cyanides (nitriles), (3) amides, (4)
imines, and (5) NN bonded compounds.
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CHAPTER I

ORGANIC NF COMPOUNDS: AMINES,. FLUORAMINES, AMD AMINE FLUORINATIONS

I-A. Amines and Fluoramines

Relatively few investigations have been conducted using fluorine-contain-
ing amines because of their strong tendencies to eliminate hydrogen fluoride or
difluoramine.

The format~ion of 1:1 complexes and amine salts has been reported for a
limited number of amines. Tris(difluoramino)methylamine (code name: Tris-A) was
found to form a 1:1 complex with triphenylphosphine oxide (85b). Addition of a
colution if perchloric acid in ethanol to 2,2',2"-tris(difluoroamino)triethylamine
resulted In the formation of a white hygroscopic solid, which probably is the

normal amino perchlorate salt: (NF2 CH2 CH2 ) 3PCI04 (268). The reaction of exist-
ing amine salts in acetic acid with tetrafluorohydrazine has been utilized for the
production of 2,3-bis(difluoramino)propylmethylarmonium perchlorate (code name:
AMAP-A) from the corresponding 2-propenylmethylammonium perchlorate (176). In an
analogous reaction, the same investigators also produced 3,4-bis(difluoramino)-
butylammonium perchlorate (code name: BAP-A):

acetic G
CH2 -CHCHpCH 2 NH3 CIO4  + N2 F4  .t--i F2 NCH29CH2 CH•fH 3 ClO4 (176)

16 hr. NF2

BAP-A

In addition to tetrafluorohydrazine, difluoramine (HNF2) has also been utilized in
the preparation of fluorine-containing amine salts, as well as the free amines.
The reaction of ' , ,-chloro-(difluoramino- (2-methoxy-2-aziridyl)-toluene with
difluoramine in BF3 , followed by treatment with dry HC1, produces the substituted
propylamine hydrochloride (451a, 453).

H

H2 /i'- 2 oCH3 l e
NFO CH 2 Cl NH2

In a similar manner the reaction shown below resulted in hydrolysis instead of the
anticipated product (449).

2
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I,.~CH + HN2 X-E X~- - H3

2 2

X a -H or -01

Using HNF 2 in fuming sulfuric acid, NN-dimethyl-4-piperidinium methylsulfate can
be converted to the corresponding NN-dimethyl-4,4-bis('difluoramino)piperidinium
methylsulfate. The product was identified in the reaction mixture but all attempts
to isolate the pure material were unsuccessful (449). In a similar manner, HNF 2
in 96% H2 S0@ readily converts N,N'-bis(methanesulfonyl)-l,2-dihydrcxyethylenediamine
to the corresponding l,2-bis(difluoremino)-substituted compound (270). Treatment of
ammonium chloride with difluoramine in a 37% formalin solution resulted in the for-
mation of 2,2',2"-tris(difluoramino)trimethylamine (code name: TMLA) (269).

The reaction of difluoramine with substituted piperazine compounds has
been investigated. These results are sumnarized in Figure I (267a, 268, 269, 270).
The underlined percentages indicate the yield for that reaction.

4-Difluoramino-4-difluoraminomethyl-l,3-dioxolane-2-one was produced by
the treatment of a difluoramino-substituted tetraoxaspiro[2.2]nonane with difluor-
amine (453).

VF2 F2 ~F
F21*I2C-C-\ ,O-u-CH2NFO H2 0-Q-CH2NF2

H2C-( - H2 0 0

0

Tris(difluoramino)fluoraminomethane (code name: H-Delta) reacts with HNCO to yield
multiple products as shown below (291):

F2 N M2

(N') 3 CNH + HNCO urea F2 NOjNF 2  + HNF+. +

(code name: PE)

Dehydrofluorination of difluoramino-substituted compount's to produce the corres-
ponding fluorimino- compounds has been reported for a number of materials. These
reactions are summarized in Table I.
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1o4c1 3

HNF NF2 lN

r i 61 ýrI-., F:N 02 cII3 H

0O2CH3  :02CH3

(CHO) 2.2H2O + OH3802NKI2  HO N , oli H28041 4 hr.7 F2N W

bO20H3 02 H

H3 0O1O3  802CH30
tH 280 FO2 N~ H~-CH3  H 25

0 6O2CH3

HW2, H9O 3Cl, 4 hr. 55%
HNW2, HSO 3CJ., I hr.

qo3Na H 1H
(CHO) 2 + NH OH NaHRoO- HO OH H 1 2N NF -tý rPNý

O OH S2 04  FW N NF 1
S3aH A ~ ~ O

(N2 HPDS) N? CH2

NSO 3F

n.r. 3

Amcoeated Heactions

+ w2 reflux n.r.; add H2S04 -repeat -n.r.

HO CHO ~HO
H O O + " 2 9 % H S O 4 J L2 + T F Pxoý'~ + R 9 hr.; r.t. F N%ý~N (sel

911 bo yaield)
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TABLE I

DEMYROPIL1ORMNTION REACOTIONS

Starting Compound Product Conditions Ref.

N2

OCH3 in CH3 0H (441)

F

CH3 O0J(CH2 )3 C(4)

CR~CHCH2 CHpC1 C4 3 tj- C-CH-CI{2  It 3N1 in CH2,ýC12  (441,447)

%CH3 OH2 F2  cHq35CN Et3 N in xylene (447)
NY2  NY2  at r.t.

NP
E-C4 H900jHCH2 NF2  !I-C 4 H9 0CN 0 3  (449)

NY2

CH?00HCH2NF2  9H20CCN
N~F Norite-A in (449)

LIOCHCH2 NF2  ~HOCCN CH0 2Cl

CH2 C6HCH 2 NF2  CH20 jCN
NY

(code name: TVOPA)
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TABLE I (Concluded)

Starting Compound Product Conditions Ref.

r N HNF) CNP 2  + Or strong base (354)
(tentative)

NF2  strong base (354)

H Amberlite IR-45 (354)
+ in CH2 Cl 2KAFF2 K2 ÷K~

WF22HN2

(tentative)

CH3 (CH2 )5 CH(1F 2 ) 2  CH3 (CH2 )4 CH-7,--NF strong base (354)

CHiO metal hydrides (268)

F2N X NF2 i.e.: LiA1H4
no reaction also: NaBH4 ,

FpN N F2 Pt2, LBH4

CHO
(DFTDP)

L72 SiF4 + HNF2 + others P2 05 at r.t. (291)

NF2

6
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The reaction of l,2-bia(difluoramino)cyclohexane with fluorsulfoznio acid

at -80OC resulted in nitrogen insertion via a ring opening and closing process
(46).

N2 + FS03H .- 80- H

F2

I-B. Amine Fluorinations

Early attempts to fluorinate amine-N-oxides usually resulted in a vigorous
reaction, but no stable NF or NOF compounds could be isolated (Crit.Rev. I, 284a).
Recent investigations have shown that the room temperature reaction of difluoramine,
using fuming H2 S04 as a catalyst and CH2 Cl2 as a solvent, with 3,4-diacetyl-l,2,5-
oxadiazole-2-N-oxide, produced 3,4-bis[1,l-bis (difluoramino)ethyl]-i,2,5-oxadiazole-
2-N-oxide (451a). The same product was also obtained if chloroform was used as the
solvent instead of methylene chloride (453). If Amberlyst-15 was added to the
methylene chloride reaction mixture, the product formed was 4-acetyl-3-[l-difluor-
amino-l-hydroxyethyl]-l,2,5-oxadiazole-2-N-oxide (451a).

The use of elemental fluorine, an effective fluorinating agent, very often
resulted in degradation of the starting material and a complex mixture of products.
This can be illustrated by the results of the reactions shown below.

mixture of NOC1, 2 unident.
CH3 0NH.HU1 + F9 /He NaF; -20 0 C ) Cl2 + SiF4 , + nitrogen + products (251)

6 hr. oxides
stirred bed

NH
NOCH2 CNH2 .HCI + 10% F2 /N2  F- complex mixture including (294)

3 hr. (NF2 )2CFCHO

NH unident.
NHOSSO 2H + 10% F2 iT 2 NaF; OC S0 2F2 + CF2 (NF2 )2 + NF2 SO2 F +"prbdict (294)4 hr. (small (small

amount) amount)

Elemental fluorine has been utilized for the fluorination of some aromatic systems;
however, the degree of fluorine substitution is often difficult to control. The
reaction of 1,3,5-triamino-2,4-dinitrobenzene with fluorine in liquid hydrogen

7
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fluoride at -38"C gave l,2,3,4,5,6-hexafluoro-l,3,5-trim(difluoremino)-2,4-dinitro-
cyclohexane as the major product with only small quantities of perfluoroaniline
(497). With 2,3,4,S,6-pentafluoroaniline, a dimerication occurred upon treatment
with fluorine in CHK5 N at -35'C to yield N,N'-(perfluorophenyl)fluorohydrazine as
the major product with only small quantities of perfluoroaniline (497). In liquid
hydrogen fluoride, fluorination of 3,4-diamino-l,2j,5-oxadiazole resulted in the
formation of an unidentified polymeric material (497).

Cesium fluoride at 90*C was used to fluorinate CFM1W to a mixture of
CFp•NF and CF3N\-/CFV (296).
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CHAPTER II

CYANIDES (NITRILMS) AND ISOCYANATES

II-A. Cyanides (Nitriles)

A large number of nitriles containing difluoramino groups have been pre-
pared by reacting N2 F4 with the appropriate olefinic compound. The direct fluorina-
tion of nitriles and addition of selected nitriles to PFG have also been utilized
as methods of preparation.

The photolysis of a mixture of cyanogen and N2 F4 proceeded at room tem-
perature to yield a mixture of perfluoroethylenediamine and 2,2-difluoro-2-difluor-
aminoacetonitrile (220a).

A detailed study of the kinetics of the reaction of the two isomers of n-
butoxycyanoformamidine with potassium fluoride dihydrate in methanol has been studied
(453).

IfF, ,F F, ,FF

N X" KF.2H2 0 N NF\ N
n-BuOCCN + n-BuOCN CH 07-4 n-BuO8OCH3 + n-BuO.OCH3 + n-BuO6C=NH + HCN

(isomer 1) (isomer 2) -u-- 6CH3

The rate of disappearance was found to be first order with respect to both isomer (1)
and isomer (R). Graphical analysis of the change in rate constant as a function of
tempeiiature showed an activation energy for isomer (1) to be 15.9 Kcal/mole, while
that for isomer (2) was found to be 14.2 Kcal/mole.

A number of studies on the reactions of substituted cyanofluoroformamidines
(453, 455) have been conducted. Selected examples of these reactions are given below:

NF E OR' R = phenyl or p-chlorophenyl
RCCN R'O H' RCN + RN=C(OR') 2  R' = methyl or ethyl

9
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NF KF FN NH

CHsCN 6H0H8 C6H5CN + C6H6C-C-OCH3

also for KCN] (minor)i i EtOH FN HM; H20 8-6NO CHS CHs ~- -0CH C
CH3 OH6 CHO

(also for ethyl ester)

NFNC6H5C-CN + n-Bu•Br -.t.2.O.. C65s=N.-.u CHC -(C

Dimethylformamide has been found to decompose tris-(difluoramino)acetonitrile (code
name: RN) in the presence of NaCN at room temperature to an unidentified compound,
containing a tris-(difluoramino)methyl group (293). Recent studies have shown that
the conversion of a perfluoronitrile to a difluoramino-substituted perfluoroether,
via an amidine intermediate, can readily be made (497).

NF 
CH30H

iFC C ) NH3 11 F2, NaF ,, CC14

CF 2) CFCF2CF2CNH2HCI CF3 CF2 CF2CNF22)sCH2lF3222) HCICIO 2  r.t.

72 hr.

.2 10% F/N7[ O1
CsF7COCH C F 3F7CO/H

NF2  -35 0C [ j2

II-B. Isocyanates

In the synthesis of tetrakis(difluoramino)methane (code name: Delta)

cyanic acid was condensed with perfluoroguanidine (code name: PFG) at -800C in the
presence of 0.2 - 0.5% pyridine. The resulting compound (NF2 ) 2 C(NFH)NCO (code
name: Adduct) was then fluorinated under mild conditions to yield a mixture of tris-
(difluoramino)acetonitrite (code name: Tris-I) and Delta. In recent work, numerous
studies have been conducted on the reaction of the two other products of this reac-
tion: Adduct and Tris-I. Adduct was found to undergo a catalyzed rearrangement to

yield trifluoroguanyl isocyanate (code name: TFGI) and difluoramine (85b). Several
catalysts were utilized in this study and 100% H2 S0 4 was found to produce the best

yields. Among the other catalysts were NaF, a mixture of KCN and KOCN, and a mix-
ture of KSCN in liquid SO2 . Sodium fluoride was unsuitable since it deactivated

quickly and produced many side products. Neither of the two mixtures produced any
appreciable conversion. A number of typical reactions of Adduct, TFGI, and Tris-I
are shown in Table II.

10
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TABLE II

REACTIONS OF ADDUCT, TFGI. AM TRIS-I

Reactant Products Conditions Reference

1. (NF)CNC0 Code Name: Tris-I

O-As0 3  (NF2 )3 CI*I 2 + others CAH6 , 0NCO, r.t., 1 day 85a

OeP03  no reaction C6 Hs,HC1, r.t., 6 days 85b

0
IINH 3  (NF2 )5CNHdNH 2  Et 20, 2 hr., r.t. 85b

il2=CHCH2oH CH2 mCHCH2 ObNHC(NF 2 ) 3  r.t., 17 hr, 85b

H2 0 (NF2 )3CNH 2  FC4-11, r.t., 5 days 86

0
HF (NF2 )3CNHdF CsF, r.t., 7 days 293

IHFII

2. NF2 -C-NCO Code Name: TFGI

NF
Im

H2 0 NF2 CNH2 + C02  r.t. 85a

HNCO N-F containing oil KSCN, 00 C, 18 hr. 85b

~~NF 0
NF2 C-NH2  v 2 CNHCNHCNF 03 PO, CAH6  85c

N~P
CH3oH NF2 CNHCOCH3  00C, 1 day 85c

NF 0

NF3 NF2CNHC Et 2O, -780C 85c

(several isomers)

11.
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TABLE II (Concluded)

Reactant Products Conditions Reference

VFH
3. (NF2 )2 CNCO Code Name: Adduct

0 Cl
NOC1, C1 (1F 2) 2CFNHCC + (NF ) C \ Not stated 594

NCO

NOF (NF2)2CFNCO (50%) r.t., 16 hr. 594

In addition to those reactions listed in Table II, the tris(difluoramiro)-
acetonitrile molecule has been the subject of numerous other studies. Reaction of
Tris-I with pyridine led to the formation of a solid product which has not been
positively identified (85a). A partial analysis of the solid material has shown that
the Tris-I and pyridine are in a ratio of 1:1. The structure has been suggested to
be one of the two shown below:

0 .N

(NF2 ) 3 CNC--N Q or (T' 2 ) 3 CN NC(NF 2 )3
C N

Further reaction of the Tris-I pyridine complex with acetic acid resulted in the forma-
tion of Tris-A, acetic anhydride, pyridine, and CO2 (85b). The products were iden-
tified by NMP and not isolated from the reaction mixture. Hydrolysis of Tris-I, using
quinoline as a catalyst, leads to the formation of Tris-A, which upon further treat-
ment with OF2 in Kel-F oil at room temperature for 22 hr. resulted in the decomposition
of the Tris-A to perfluoroguanidine (code name: PFG) and silicon tetrafluoride (15a).

Although Tris-A does not react with triphenylphosphine oxide, it does undergo
a condensation reaction with a similar molecule (85a).

CH5 CH5 H 0, C H
n.r.

hr, ),cNco + (F21,3cN- OC 7 r

n.r.

OC, 5 days

12
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Attempts to further fluorinate Tri-I with HF, using trimethylamine as a catalyst,

at room temperature for 5 days were unsuccessful (293). An explop4Jue mixture is

formed when Tris-I and n-BuSnOCH3 , condensed together at low temrerature, are

allowed to warm to room temperature (86). Addition of methanol to Tris-I results
in esterification to yield (NF2) 3 CNHCO2 CH3 (294). Fluorinations of the ester with

either a 10% F2/N2 mixture at OOC or 100% F2 at room temperature were unsuccessful.

The incorporation of Tris-I into polymeric materials has been the subject
of a number of studies. Among the species utilized as potential prepolymers were

"ethylene oxide, ethylenimine, and allyl alcohol.

Et20-C6H6 . r.t. CHH2(8b
(NF2 )3CNCO + H2C .... ..L.., CH2CH2 (85b)

N -780 17 hr. a =
H H n

0. -_--=E (594)
0 

0

(NF 2 ) 3 CNCO + CH2=CHCH 2 0H ECI0--r "
2 2" 2 r5. 2=C 20 CNHN2)3 24 hr.

17 hr. 59% yield

CH OCNHC(TTF2
00_--

--(F 2 ) CNC0 + H2 C -CHH pyridine > (NF2),C-NCH CH^OC + others (85c)

also f: (tent. ident. only)I~i! 'also for: TFGI

The polymeric material prepared by the second reacidon, using allyl alcohol, was

found to decompose at approximately 2000C and to have a molecular weight in the

range of 429 - 1,165. Catalysts other than pyridine have been attempted in the

reaction of Tris-I with ethylene oxide, with varying degrees of success. Sulfuric

acid as a catalyst at -230C produced no reaction, while fuming H2 S0 4 at -230C and

So, at -230 C yielded a nonvolatile unidentified oil. Without a catalyst, using

dioxane as the solvent, heating the mixture to 45 0 C produced an unidentified oil.

When tetraethylammonium bromide was added as a catalyst, no reaction occurred. If

the ethylene oxide and Tris-I were allowed to react at room temperature without a

catalyst, a cyclic condensation product was among the products (86).

13
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(NF )CliCO + H _)ŽH2  o~.bO )3C\N + others
H.so

H2 Ce

Attempts to incorporate Tris-I into a polymeric material with polyvinylamine (PVAm)
were unsuccessful (85c). A suspension of the two substances in S02  + Et 2 O yielded
no reaction, while the mixture in DMSO at room temperature exploded after 1/2 hr.
Reaction of Tris..I with 2,3-epoxy-l-propanol resulted in the formation of the cor-
responding epoxy-ester (594); however, further treatment of the eater with BF3 did
not produce the desired polymerization. The use of polyglycidol did result in the
incorporation of Tris-I into a polymer (594).

HC--CHCH OH + (NF2)3CNCO - H- C-> CHCH-OCNHC(NH)

t BF3

OCH 2 ? HCH2OH] + (NF2)3CNCO 1- tOCH2CH (

polyg lyc idol 22
,jx

Considerably fewer studies have been conducted on the reactions of tri-
fluoroguanyl isocyanate (code name: TFGI). Like Tris-I, TFGI did not react with
triphenylphosphine oxide in benzene after 16 hr. at room temperature (85a). However,
if water was added to the reaction mixture and the temperature maintained at OC, the
TFGI underwent a dimerization, and the resulting product, N,N'-bis(trifluoroguanyl)-
urea, formed a 1:1 complex with the triphenylphosphine oxide (85c).

NF C6H6  NF 0 NF

2NF2 CNCO + H20 + $3 PO - NF2 CNHCNHCNF 2 "03 PO + CO2

OC (code name: BTGU)

No reaction was observed when vinyl isocyanate and Tris-A were mixed in methylene
chloride and allowed to stand at room temperature for 3 days. If, however, tri-
phenylphosphine oxide was added as a catalyst, a polymerization occurred after 3
days (85c).

14
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CH2uCHNCO + (IWF2)3CTTH2  0PO- IHC~CkC12  L hcoJ
"x

This reaction was also found to occur if quinoline was used as the catalyst in
acetonitrile with the temperature maintained at -20C for 1 hr. (85c).

15
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CHAPTER III

AMaDPS5, CARBAMATES AMD UREA

The various types of compnounds which contain the -N-CO- (amide) group are
discussed in this lhapter; included also are thse containing additional oxygen or
nJtrogen, e.g., -N-CO-0- (carbamate) or -k-CO-N- (urea).

III-A. Amides

Glyoxal has been utilized as a condensation agent with amides to form
amido-substituted diols. These diols can be subsequently reacted with difluoramine
to yield the corresponding difluoramino-substituted compounds. In this manner,
triflucroacetamide was reacted with aqueous gJyoxal to form 1,2-bis(trifluoroacet-
amido)-l,P-dihydroxyethane. Reaction of the diol with difluoramine in 96% sulfuric
acid led to the replacement of the hydroxyl groupe with difluoramino groups (269).

0 0
o HOCIMMCF NH8CF3

2CF3CNH2 + (cHo) 2 -0
H0AHNHCCF 3  96% H2 S0 4  F2 NCNMHCF 3 ,

0 0

If the original amide contained unsaturation, such as acrylamide, the reaction with
difluoramine also occurred with the unsaturated portion of the molecule (270).

0 0

CHOCHNHiCCH=OCH2  I.T2 F2 NCHIHCCH 2 NCH2 NF2
(cFo) 2 + 2CHCHCmR - H

H0CHN11CCH=CH2 2 F2U1HNHCCH 2CR2 NF2 *

0 0

The same reaction occurred if the intermediate diol was converted to the methoxy-
substituted compound and then treated with I•NF2 (270). Molecules containing
acetylenic linkages, such as propiolamide, undergo reaction with (CHO) and HNF2 in
the same manner as those containing the carbon-carbon double bond (273). If the
starting compound was a hydroxyl-substituted amide, which also contains unsaturation,
reaction with difluoramine or fluosul.fonic acid did not affect the unsaturated por-
tion of the molecule (271).

16
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0 9%0

HOCHA18CHbMCHL + H 264 .. F2 NCH2 NHCCH-CH2
(or HS0F)

Direct fluorination of simple substituted amides with fluorine-nitrogen
mixtures often results in decomposition and/or explosions. Reaction of N,N'-
methylene-bis-formamide with 10% F2 /N2 over NaF at OC for 8 hr. resulted in severe
decomposition of the starting material to a complex mixture containing NF3 , COP 2,
CH2 FNF 2 and others (292). Likewise, treatment of tris(difluoramino)acetamide with
3% F2 /N2 at OC resulted in an explosion (291).

NOH NF 3H% 2] 2/N

Houi1rea r_____
HONHp *HCOO4 + F2 NCONFp r CH-NO(N2) product

(PFG) lhr. H

The product of the above reaction could not be isolated from the reaction mixture;
however, it was shown to contain a tris(difluoramino)methyl group. Fluorination
with elemental fluorine using liquid hydrogen fluoride as the solvent has also been
a successful method of preventing decomposition (497).

R N Ror ~ ~ 2  + F 2  :i* F N~ ITM 2F

H2  NH-
0

R -- H"CH3

The product N2 ,N4 -difluoro-isomelamine dihydrofluoride, hydrolyzed to give 002 and
unidentified compounds (497). Hydrolysis and aminolysis of substituted perfluoro-
formamides led to the expected products (292).

NF
(NF2 )2 CFNFCF + H20 -. ra NF2CDNF 2  (code name: PFG)

(N2)2FFF 2H 25 min. 0 C

(NF2)2CFIF +r , .Et20 , (NF2 ) 2CFNFgNH2

Cyclic compounds, containing difluoramino groups, undergo ring enlargement
upon treatment with HNF 2 in sulfuric acid. Subsequent reaction of these cyclic amides
with strong base resulted in ring opening (441, 451, 453, 455).

17
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F2 N 0JCH3  _____F H2 146 .F + N F

N 12  NF N-N (minor)( NF 9 O0 -3  r *OCH 3  ?C F

0

040 NF

F N -C 0CH3-" GOCH3 I 0CH3
F,_,N CH30H

III-B. Carbamates

Carbamates, and related compounds, undergo condensation reactions with
glyoxal in the same manner as the amides (268). Thus, oxamic acid, methyl carba-
mate, and ethyl carbamate reacted with glyoxal to form substituted diols, which
were then further reacted with difluoramine in sulfuric acid.

0 0

0 NaHC0 3  H0CHT 'Ii0C HnF2 F21HNHCOCH3
NH2 300H3 + (CHO) 2  500C b 1

0C H0C}HOCH' H2S4 F2 NUINH CIH3

0 0

Direct fluorination of N-substituted ethylcarbamates with elemental fluorine in
either water or acetonitrile resulted in complete decomposition of the starting
material (251). Treatment of N-tris(difluoramino)methyl allylcarbamate with 3%
benzoyl peroxide at 88 0 C for 26 hr. produced an unidentified, brown, viscous syrup
(85c). Acid hydrolysis of N-chloro-N-tris(difluoramino)methoxy-ethylcarbamate with
70% perchloric acid at room temperature resulted in the loss of the chlorine to
form N-tris ( difluoramino)methoxy-ethylcarbamate (291).

The formation of 3,5-substituted-l,2,4-oxadiazoles was readily accom-
plished by the reaction of ethylcarbamate with an aldehyde (451a).

18
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C113CHO + VH2co02CAi cu~r CO2C2H5 £c2%' 3N EH 3 FNHoO2C21]5
"2

509C; 6 hr.

(>50% yield) ,P-OC 2 4

I11-C. Ureas

The reaction of glyoxal with numerous ureas has been shown to be analogous
to the reaction with amides (see Section A). Substituted-2-imidazolidones were
initially formed, and then further reacted with difluoramine in sulfuric acid to
yield the corresponding difluoramino-substituted compounds. A brief survey of these
reactions is presented in Table III.

Mono-substituted ureas: Nitration of ureas has been attempted, with
nitric acid being used in the presence of sulfuric acid at room temperature. The
resulting nitro-substituted compounds are usually unstable at ambient temperatures
(85b).

( )3NF gl + HR (i2 3ci4_ (unstable at

CH2 012  k0 room temp.
code name: O'

Tris-U)

The above reaction has been attempted with trifluoroacetic anhydride as catalyst
instead of sulfuric acid (85b). Within 1 hr. at ambient temperature, decomposition
of the intermediate product resulted in the formation of Tris-I, nitrous oxide, and
water. Reaction of Tris-U with trifluoroacetic anhydride in ether for 3 days at
room temperature produced acylation on the unsubstituted NH2 - group (85c). At 40C0,
trifluoroperoxyacetic acid in methylene chloride did not undergo reaction with
Tris-U (85b), and the addition of boron trifluoride resulted only in the formation
of a BF3 -Tris-TJ complex. Tris-U was found to react with triphenylphosphine oxide
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TABLE III

REACTIONS OF GLYOXAL WITH SUBSTITUTM) UREAS5

9
(CHO)2 + H9NH~ R-t0"'YR H"2 ",%-.R,

OH 2S04  F2ý#ý2

R~'Intermediate Product Reference

H,H unident. syrup 4 -N2tentative 269

122 269idn

C C I
H-P, i-PrH NF'' 2R 270

Oo)CH3 H H OH 2k N 2 2

H-, R.- V R R- k -7R 270

T ---I

(inbasic sol'n) ~ ' ~ HRI - 6HOH OH

20
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TABLE III (Conoluded)

RIR' Intermediate Product Reference

Nj4H2 B 27% 272(BDI) iyela
OH OH P2N NF2

* If HCHO is added in second step, S is retained 268.
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in methylene chloride at ambient temperature to produce a white solid, which was
identified as the 1:1 complex shown below (850).

The fluorination of ureas has been attempted with urea, itself, and
guanylurea. Fluorination of urea with HNF 2 in the presence of sulfuric acid and
trichloroacetaldehyde (or tribromoacetaldehyde) resulted in the formation of an
intermediate product, which did not undergo further reaction with HNF2 (271).

0 0

11 2 S04 00NH2CNH2 + IMF2 + C13 0CHO S- Cl03CCNHCNHCCCl3
hF2  •2

The fluorination of guanylurea sulfate with 10% F2 /N2 over NaF at -7 0 C for 8 hr.
resulted in decomposition of the starting materials to PM and CF(NF2 )3 plus small
amounts of other products (292).

Disubstituted ureas: An improved method for the production of bis-
[tris(difluoramino)methyl]-urea (code name: BTU) has been reported with an overall
yield of 49% (162a).

C6 H6- F3 CC0 2 H 0
(NF2 )3CNCo + 03Po + H20 CH C6-. 0 (NF2 )3C INHC(NF2)3

20 (BTU)

The use of tri(n-butyl)phosphine oxide has been attempted. Preliminary results
indicate it may provide a better yield than the tC'iphenylphosphine oxide currently
being used. Dimethylsulfoxide (IWSO) has been found to decompose BTU to produce
Tris-A plus other products (85a).

Cyclic ureas: Trinitromethane has been reacted with N-substituted cyclic
ureas to produce the corresponding trinitromethyl-substituted compounds, which were
then treated with difluoramine in H2 S0 4 . The reaction products were highly de-
pendent upon the initial purity of the cyclic urea and upon the quantity of tri-
nitromethane used (271 and 272).
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"C3OCH2, *.NeCH 2OCH3  (NO2 )3CCH& %,H 2C(NO2 )3
+ Hc(N0 2 )3  100

-Texcess 3 hr. HTH 2 0

I0.8 HC(N00)3

CH3CHý,..~jjC2CN0)3NF2CH2%N., ý,%N-CH-2C (N02 )3 (No0Ci2  p )3 ýV ,Hc(No 2 )3

0;2H2S04" 0 ) 2 -2H
~23fC

If the starting material was not carefully purified, the reaction with excess tri-
nitromethane, followed by reaction with difluoramine, resulted in the formation of
N- difluorazninomethyrl- N'- 2,2, 2-trinitroethyl-urea instead of the anticipated product
(272). The reaction of compound (1) from above with difluoramine in H2 804 at am-
bient temperature and autogenous pressure yielded N,N'-tris(difluoramiinomethyl).-
N' -P,2,2-trinitroethyl-urea (272).

Nitric acid has been used with difluoramino-substituted 2-imidazolidones
to produce the corresponding N-nitro-2-imidazolidones, which contain both a nitro
and a difluoramino group (270, 272).

9
KHN' ""NH1 + HNO,, C3C'20 ON-Ný -2

(100%) -3o0 1C 9
NF2 N'2 TNF2 NP2

(BDI)

H2 SO4
CH,3 OCH 2-' ()ý CH2 C(NO2 ) 3  + HNF2 --.- NF2CH2-4V -7-CHi2C(N02)3

R 'Rr2&

R 0H,3 or *-CH2OH
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CHAPTER IV

IMINO COMPOUNDS

In this chapter, compounds containing the C-NF group could be considered.
The first portion, fluorimines, will consider those molecules which contain groups
other than -NF2 attached to the carbon atom. The remainder of the chapter will be
devoted to the discussion of compounds which contain the -NF2 attached to the carbon
atom.

IV-A. Fluorimines

The preparation of fluorimine compounds has utilized several methods, with
one of the most general methods being the dehydrofluorination of difluoramino com-
pounds (see Table 1). 2,3,5,6-Tetra(fluorimino)piperazine (code name: TFP) has been
produced by the reaction of HNF 2 with l,4-dinitro-2,3,5,6-tetra(acetyl)piperazine in
the presence of sulfuric acid (269).

o V02  o 96% V Solvents Used

CH3C.'N CH 3  H2 S0 4  FN
.r + HNF 2  FN -NF CH3 002 H

CH3 C CCH 3  solvent CH2Cl2
0 N 2  0 H F 2NCH2 0H

(code name: DNTAP)

Reaction of n-butylnitrite with substituted ethylenimines has also been found to
yield fluorimines (451a).

FN N 0
P-.F2. -N--, CH3 OH

C- - +n-BuONO .. I + unidentified products
61 6cH3

Numerous studies have been conducted on the reaction of difluoramine with
a wide variety of fluorimino compounds. A detailed discussion or listing of all re-
actions is precluded by the number of investigations in this area. A representative
sample of the various types of fluorimino compounds which have been studied is given
in Table IV. Additional examples of these reactions may be obtained from the work
referenced in the table.
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TABLE IV

REACTIONS OF FUJORIMINES WITH DIFLUORANINF,

X = 0=F phenyl

Recat Conditions Product Reference

X FS0 3 H NC(0H2)3CX20S02F + 447

NC(CH2)3CX2 0So2F HS04  X3C(CH 2)3CN 447

x

BF5, CH2C12 xccH)c 447

x x x
CH3C-CCH3  BF3  3HC 4]CH 6N=N-(+H 3 41

0

x OP( OC2H5 )2

HS CH2 C1 2  N-H +47

X N'F

O H+ OC=N-451

X1 NF

0C-CCH=CH, Amberlyst 15 no reaction 451

*2
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TABLE IV (Concluded)

Reactant Conditionn Prout Reference

,l--H-CH2  BF3
F

~~NýH BF.~ 0HC. s O C1; + CU5CX3 453

X NF X 0
1 i1 of

CCCH H so CH CNHCCH 3  501a
CR3 -CC 3  !-2 04  

3x

,xF
IF(H).C1 HSOsF unident. product; not the 501&

H ) CFexpected 1,1,1-tria-

difluorami no )butane

26

CONFIDENTIAL



CONFIDENTIAL
Reaction of strong base, i.e., methoxide ion, with fluorimines haw been

shown to result in the formation of the three-memberod ethylenimine rinr (441, 45lap
455).

2 + CH0 '1

1H

1 NF

CH _CCH3  + CH3 0 3-- C H{ OH p
N2 2 3F0H

Similar reactions have also been found to occur for l,l-bis(difluoramino)-
2-fluorimino-cyclohexane, l-chloro-l-difluoramino-2-fluorimino-cyclopentane, and 2,2-
bis(difluoramino)-3-fluorimino-butane (441). If the ring compound was further tTeated
with hydrogen chloride, ring cleavage occurred and the corresponding amine salt formed.
Reaction of the amine salt with alkoxide ion resulted in recyclization to form a sub-
stituted pyrazole (45la).

H
C1dry1 HMl

2 Et 2 O I" 0H

CH30H

CI-130H

CH3O

If the original fluorimino compound had been reacted with i-propoxide or t-butoxide,
treatment with hydrogen chloride did not result in the formation of the amine salt
(455).

Attempts to oxidize fluorimines with peroxide have not been successful.
Reaction of l,2-bis(fluorimino)-cyclohexane with benzoyl peroxide in methylene
chloride at room temperature for 4 hr. did not show any appreciable reactioni (356).
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Y1, oaul'onio aoid, often use4i as a oatalyrst in reactions of difluora•ine,

has been found to react with fluorivines vis ho Baeokman Rearranement (451a).

F + M_.Y - FSO 2 .OO NmCH3

A similar type of reaction has been found to occur with 1,1-bis(difluoramino)-2-
fluorimino-cyclobexane upon treatment with trifluoroacetic acid in BF3 in HSO3F

12 2

P 3CCC2H DY5 or
.•,• ~HS03F 0

The hydrogenation of 2,3,5,6-tetra(fluorimino)-piperazine (code name:
TFP) has been conducted with a platinum dioxide catalyst (269).

H

YN N N
+ H2  identified)

FN N NF HFN N-NFH

IV-B. NN-Trifluoramidine s

A general method for the preparation of fluorinated amidines by the re-
action of elemental fluorine with the corresponding amidine has been developed (497).

4RNH2  + F2  NaF b RCNF2 + 3M 2 .EF F_ 4RCF 2
NaF

NH NF
N02 CF2 NH 2 HCI + 10% F2 /N2  

CF N0 oCF2 C.NY2

0 C
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The hydrolysis of gem-bia(difluoramino) compoundm with bhae has alao been utilized
as a method for the preparation of fluorinated amidines (497).

VPY
t2 + 1/3 base - R6NP

02C12NY
(NO2 )3 CCH 2CH2CH(NF 2 )2 + pyridine (No2 )3 CCH2 CVhNF2

r.t.

Fluorination with elemental fluorine in liquid hydrogen fluoride has beeu sucocesful
in converting amidines to fluoroamidines (497).

YN + FN -HP 2 (tený,ative)
N 'N0 Cý N N

NH NF

Reaction of 2-nitro-perfluoroacetamidine with methanol in acetonitrile, followed by
fluorination with elemental fluorine, resulted in the formation of methyl[2,2-difluoro-
2-nitro -l,l-bis(difluoraminol ethyl ether, precumably by a mechanism similar to the
addition of methanol to perfluorogianidine (code name: PFG) (497). However, the
addition of n-butanol to N,N,N'-trifluorobenzamidine did not show any reaction after
15 hr. at room temperature (354).

IV-C. Fluorinated Guanidines

Fluorination of guanylcarbamate esters has been utilized as a convenient
method for the preparation of fluorinated guanidines (46).

NTH' CH3CN NI =-C
NH2 CNI{C0R + F2NF,&&0C 2F ( L -O4H9

IF.

RO2CNJHNHCO2 R + F2 NC + 2O2 + ROH
(PFG)

ý9

CONFIDENTIAL



CONFIDENTIAL
Partially fluorinated guaridines have been obtained by the reaction of nitroguanidine
or substituted nitroguanidines with elemental fluorine in liquid hydrogen fluoride
(497, 501).

JNOp FHN••o NN02

H 2NOW + PN2/N2 --- H-----rP2 N8NO2  (not isolated)0 C

C NN0 2  X NF
( 2)c 2 Nc 2  + 2/N2  - (No2)3ccH2NH8NP2

The attempted reduction of fluoro-bis(difluoramino) mothyl perfluoroguanidine (code
name: F BG) with lithium amide resulted in the formation of two unident fied pA'oducts:
a tan solid and a colorless liquid (253).

IV-D. Perfluoroguanidine (Code Name: MG)

The development of perfluoroguanidine has provided the propellant synthesis
groups with an extremely prolific "building-block" material. This molecule has been
utilized in numerous reactions, and shown to react with all compounds containing an
active hydrogen. Since a detailed discussion of the various reactions involvirg
PFG would be quite lengthy, a tabulation of the reacticns reported during the review
period is given in Table V. A few studies of PFG and PFG adlucts, not listed in the
table, will be discussed in the following paragraphs.

tion of PFG at high pressures. Thus far, the results have not been encouraging. A

sample of PFG at 20 kilobars for 6 hr. in either a stainless steel or nickel capsule
was shown to yield only metal fluorides. The use of a prefluorinated nickel capsule
and 6 - 7 kilobars pressure led to an explosion. The use of solvents, such as
acetonitrile, C3 F8 , CsN02 , and C4 F8 , with 1U kilobars of compound has also been un-
successful in producing any polymerization.

Many additional reactions of fluorinated adducts of PFG have been studied.
The reaction of the fluorinated adduct of ethylglycolate (see Table V) with ammonia
in methanol at room temperature for 2.5 hr. yielded tris(difluoramino)methoxyacetamide
(code name: GA) (295). This compound is reported to be less sensitive to shock than
many or the other tris-domino compounds, such as INFO. A similar molecule, the fluori-
nated adduct of N-ethyl-N-hydroxyethylcarbamate, underwent decomposition to a mixture
of pruducts when treated with ammonium hydroxide (292), but formed the N-chloro com-
pound when reacted with (CH3 )3 COCl at ambient temperature.
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Heating the adduct of n-pentyl alcohol with PFG has been shown to yield

the corresponding N,N,N'-trifluoroamidine (354).

C5 H1 10 NFH L C5 H1 ICNF2
NF2

The reaction of perfluoroguanidine with 2,2,2'-trini~roethylethylene glycol
(code name: TNEEG) and subsequent fluorination to FA-TNEEG has also been shown to
yield a number of side products (175), as shown in Figure 2.

The fluorinated adduct of phosgene oxime and perfluoroguanidine has received
considerable study as a potential starting material for the formation of other tris-
compounds. A survey of these reactions is given in Table VI.

. Treatment of the fluorinated adduct of ethylene glycol (see Table V) with
trifluoracetic anhydride led to a mixture of products, with the major product being
addition of the trifluoracetyl group (294). This compound was found to undergo com-
plete decomposition upon heating to 3500C. At 2900C partial decomposition occurred,
while at 2400C no reaction was observed.

HOCH 2CH2 0C(NF2 )3  + [F3C] 20 8 F3CCOCH2CH2COC(NF 2 )3  + others

(major product)
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(No2 )3CCH2 HCH20H

2 F2
(N02)3CCH2CHCH2OFKFH - * (No2)3ccH 2 8CH2oC(NF2 )3

OH kF2

N2) 3CCH2CHCH2o0FT; (NO2 )3c14JH-c.ý2

hF2u ell.1

FIN- N -C

*HF F2N NFH

F2  HN'2 H2 / F2

FA-TNEEG (No3 )2CCH2CH~cH2oC(NF2)3  (No2 3CCHFH-CH2  (No2)3CCR~HfH ý2

FN=y C1/C
NF2 0 F2N NF2

Figure 2 -Side Reactions in the Production of FA-TNEEG
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TABIR V1

REACTIONS OF (DW2 )300N"CCl 2

Reactant- Conditions Pr~iacts Ref.

CH3OI[ NaCH; CFCl5  (14P2 )3 CON'2c(0CH3 )2  296

(CH3 )2NH CFC1 3  (N72 3CON'C N(CH 3 )2 2 296

Na 2 S'9H2O CH3 0H decompoces 296

r -oHCHC1 3  )295
)==z/no reaction

Cl (or) %CH3 2H)

CF2N2 or N2 F4  CFCl3  no reaction 296

NH3  I2)coll-c@(%) 2  297

70% HC104  CH3CN no reaction 293

3% F2 /N2  CH3 CN; 0OC no reaction 295
0

CsF CH3 CN (DNF2 )3dN-cF2 + others 298

HN~J I~2 K298N2) 3CON=C-N j
tentative only
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CHAPTER V

NF COMMUNDS WHICH COMAIN NN BONDS

This chapter will be directed toward the preparation and reaction
chemistries of those compoundw which contain some type of nitrogen to nitrogen bond.
Tetrafluorohydrazine and difluorodiazine can be regarded as the parent molecules for
this ,roup. The chapter can conveniently be divided into three parts: N-N, NuN,
and N-N0 2 type compounds.

V-A. Hydrazine Derivatives

Only a few reactions have been reported for molecules containing the N-N
bond. These reactions have been discussed in the preceding chapters and examples
of their preparation and reactions can be found in the following parts: amine
fluorinations, ureas, fluorimines, and perfluoroguanidine (Table V).

The formation of 5-phenyl-4,5-di(methoxy)pyrazolium chloride was found to
occur by treatment of the appropriately substituted ethylenimine with sodium cyanide
in methanol (453).

N- 2  C2 + NaCN CH0HC

C1 OCH 3  0 CH3

= phenyl

A second route to the same product was found by treating the original compound with
dry hydrogen chloride, which resulted in ring opening and formation of the sub-
stituted ammonium chloride. Reaction of this material with strong base, methoxide
ion, and then dry hydrogen chloride yielded the 3-phenyl-4,5-di(methoxy)pyrazolium
chloride (453).

V-B. Dilmide Derivatives

In addition to the work discussed below, other references to compomnds
containing a N=N bond can be found in the previous sections concerned with amides
and fluorimines. Also inc)luded in this part are diazo compounds and molecules of
higher N-content such as azides and tetrazoles.
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Tria(difluoroemino )methyl abloride has been found to react with dimethYl

sulfoxide (MMo) at room temperature to yield two diaziirnes (85a).

(iF2)3ccl + C•SO•N b F2C14 + F/XN

Reaction of acetamidine with sodium hypochlorite in M!O has been reported to give
chloromethyldiazirine (435).

The preparation and reactions of fluorinated azodiformamidines have re-
ceived a considerable amount of study, principally by the workers at Hynes.
Fluorination of azodiformamidine with elemental fluorine has resultea in the forma-
tion of a mixture of products (l12a).

H2NCNNCNH 2 + F2/N

+ %o eN_ 0 c 1 F2 3(NF2 )2 crN-NcF(N7 2 )2 + (NF2 )2 CYN F2 + JN- + F2 N + (N)0QN3
(Code name: (Code namez (Code name:

FloADF) F8 ADF) F6 ADF)

The compound F 8 ADF has two isomers which have been designated A and B. Their struc-
tures are given below (255).

,012 F\ NF2

F •N=N\ N=N
CF(NIF 2 )2  CFI9 2)

F8ADF-A F8ADF-B

When the fluorination of azodiformamidine was carried out at -750C and then allowed
to warm to O°C, the compound designated F6 ADF was found to be the principal product
(255). Like FSADF, the F6 ADF was found to be isomeric, and the three isomers have
been identified.
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NC/NP2 FIN N-NF2 FN NOCNF2
N-C N-C\ N•'C

F 'n N'N\ 4 F SN-N F NON'.C N

ANF 12 NF2

(trans-trans) (cis-trans) (cis-cis)

The reduction of several of the fluorinated azodiformamidines has been
studied with lithium amide and ammonia. Reaction oT FeADF with LiNH2 was found
to produce the N-fluoroamidine, which upon fluorination yielded F1 oADF (249,14.2a).

INF C3XNF 21
N N + iN 2  F./)(NF)cI'N8NH 0 FIOADF + PeADF

(FeADF) 830C (minor)

Similar treatment of FloADF with LiNH2 in Freon 115 resulted in no observable
reaction (252,112a); however, F6 ADF produced a mixture which was not resolved but
did show the presence of N-H bonds (251,ll2a). Those results led to the conclusion
that in order for the reaction to occur, the presence of a fluorimino group (C=NF)
is required (112a). With ammonia, FsADF-A reacted to form the addition compound.
Fluorination of this compound with elemental fluorine led to the production of
F11ADF and F1 0 ADF (112a).

UP ,02 F2 /N2
(NF2)2crFN.=N 8 NF2. + I13 (VF2 ) 2 CFN=NYNFH - .111

1•2

(NF2 )2cFN=NC(NF 2 )3 + (NF2 )2 CF 3 + FloADF

(F1 1 ADF)

A similar reaction of ammonia with F6 ADF yielded an orange solid, which upon
fluorination resulted in the formation of F1 oADF as the major product, with minor
amounts of two materials tentatively identified as F9 ADF and F1 2 ADF (249,254,112a).

,F ,, CCl 2F F2/N2
iJf 2 CN=N + - *. orange solid - 4A'F2CN=WTNF2 + NH3 .9,- 1006C

-96*C ~ Oo
FN

F10 ADF + NF21N=NC(NF2)3 + (NF 2 )3 CN-"C(NF 2 )3

41 (FgADF) (F 1 2 ADF)
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The reactions of P1 OADF and of the two isomers of ?8 ADF with carbon monoxide

at elevated temperatures have led to the fovmation of two new compounds, T4 ADF and

PSADF as in Table VIX.

TABLE VII

RFACTIONS OF FloADF AND FsADF WITH CO

References
NF NF

(Co 1800C FNP NF + Co? 2  (112a,
256)

SNP NF_ qr

(NP2)2 -FN + 1250CC FI-NdF + FsADF(A+B) (256)

NP NF NP

(NF 2 )2 CFN-NmN2 + co l2°) NF2 8N-NdF (256)

(FSADnF-) (N5ADM)

At 135 0C no reaction occurs between the FCoADF and carbon monoxide (256). The mole-
cule, FsADF, has been found to have two isomers designated as A and B.(256).

/NcNF2 F,' VF 2
N=Cl N=C\

F N=N F N=N\ /F

F F

trans-isomer A cis-isomer B

Isomer B of F ADF undergoes photolysis to yield perfluoroformimine plus other prod-
ucts (254,2561. The same product has also been obtained as a result of the photol-
ysis of F 4 ADF (256).

NFpN=NCF - F2 C=NF + FCN + COF 3 + SiF + others

F0N=NCF - F 2 C=NF + FCN + N2

A mechanism for the formation of the products observed from the photolysis of the
F4ADF has been proposed (256).
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F-N + hv -+ ONNN

-.--- ICN + F.

.N-IF bZ- + N2

.N=NCF + *F - F2 C-NF + N2

F + F" • F2 C"NF

The reaction of FjoADF with nitrogen dioxide at 1900C resulted in decomposition of
the starting material (250). Unsuccessful attempts were made to react hydrogen sul-
fide and monogermane with F1 oADF (250,112a).

Several reactions have been attempted utilizing the partially hydrogenated
intermediate formed in the reduction of FsADF with lithium amide. Formation of the
amidine salt was attempted with sulfuric, hydrochloric, 70% perchloric, and anhydrous
perchloric acids (252). The only identified product was formed with anhydrous per-
chloric acid.

11CHC1 3  F 0(NFP) 2  cNH2  + HC1O' - (NF2 )2 CFNNNH3  C1O4

The solid salt was pale yellow and very hygroscopic. At 140 0 C, the free amidine
was found to undergo complete decomposition within 24 hr. while at 1100C, in the
presence of NaF, no decompos'ttion was observed (251). Photolysis of the amidine
led to the formation of perfluoroformamidine and an unidentified solid (251,112a).

NY NP
NF2)2CYN=N8NH2 + hv > NCF + CF4 + N2 + solid

The reaction of tris(difluoramino)fluoromethane (code name: Compound R)
with sodium azide in DMSO led to the formation of difluoro-fluoraminomethylazide
(85c).
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(NF2 )3 CF + NaN3  .M2 b F2N, 3 (40% yield)

Fluorination of 3,6-diamino-l,2,4,S-tetrazine with elemental fluorine in
liquid hydrogen fluoride led to a compound tentatively identified as the 3,6-bis-
(difluoramino) substituted analog (497). Attempts to isolate the material resulted
in a rapid decomposition.

NY2  ý2

+(tentative)

NH2 NF2

V-C. NNO and NNOf Derivatives

The preparation and reaction of the NN0- and NN02 -substituted compounds
discussed in the ensuing paragraphs are only a portion of those reported. Addi-
tional citations of these molecules may be found in the sections relating to ureas,
fluorinated guanidines, and perfluoroguanidine (see Table V).

Fluorination of dinitroazodiformamidine in the presence of sodium fluoride
at low temperature has led to the formation of FeADF-B, F4 ADF, and two unidentified
products (252).

NNO2 NNO2 NF NF NF
NH2 8N=N8NH2 + F2  -0 -1 (NF2 ) 2 CFN=NCOF 2 + FCN=NOF

-75 0C

(isomer B) (F4 ADF)

Attempts to conduct the same fluorination in aqueous solution in the presence of
B203 were unsuccessful and similar negative results were obtained by the use of a
fluorine-helium mixture in the presence of sodium fluoride in Freon 115 at -22*C
(252). The use of acetonitrile as a solvent resulted in an explosion.

FA-DENA has been prepared by a multistep process from 2,2'-dihydroxy-
diethylamine (178).

44

CONFIDENTIAL



CONFIDENTIAL
(HocH2CH2)2NH HN03** (o2110CR2CH2)2NXo2  1) HC02H HC2O X2

R.T PN urea
* H3CNq

f~F23cc~C20% F2/112  P
LF)CC2H 2NNO 2 *-- oc ./0 MNC0HC N0

FA-DENA N2 2

Difluoramine, in the presence of 96% sulfuric acid, has been used to re-
place alkoxy groups by difluoram~ino groups in substituted imidazolidine imines
(270,272) and acetoxyr groups from substituted amines (269).

H TN Q2 H W 96% H2S04 _) HN N

Hý fl - ýH 2 formalin 4

R =-OCH3 or -0C2 R5

CH3CC912VCH 2N0H 21IOH20CCH3 + 01W 2C~C2C2 CF20

(code name: BSX)

Nitryl tetrafluoroborate (NO2BF4) was reactetO with 2,6-di(fluorimino)-4-
imino-l,3,5-trihydrotriazine to yield a compound tentatively identified as N'-
nitro-2-keto-4-imino-6-fluorimino-1,3,5-trihydrotriazine (497).

H1 N02
FN ' NF FN 0

+ N02BF4  xHF
jHq NH HN N~H
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CHAPTER V7

INORGANIC NITROGEN ILUORIDES AND DEIVATIVES

VT-A. Nitrogen Trifluoride

The heat of formation of NF3 has recently been redetermined by two methods:.
the direct reaction with sulfur (L58) and via the dissociation of excess NM in the
explosion with H2 (151a, 151, 151f, L55). The measured values were -31.75 - 0.2 and
-31.44 ± 0.3 kcal/mole, respectively. The former led to an average N-F bond energy
of 67.1 kcal/mole and a derived D(NF2 -F) of 59.1 ± 2 kcal/mole, confirming the
earlier conclusions that the dissociation of the first N-F bond (to give stable NF2
radicals) is lower than the average. The latter study was used to recalculate the
heat of formation of aqueous HF (1:123 H20) as -77.0 + 0.2 kcal/mole. The value of
4Hf = -30.60 kcal/mole is then recommended in the use of NF3 as a calorimetric
fluorinating agent.

Studies of the dipole moment of NF3 gave a tentative value of 0.17D (252)
and from work at 480 and 80"C the value 0.20D (238).

Efforts to observe the ion-molecule reaction

N73 + + F2 . NF4+ + F

have not been successful to date (386, 402, 405). High energy radiation of mixtures
of NF3 and F2 withýAsF5 at -1960 gave (472) moderately stable solids which appeared
to contain the salt NF4 +AsF 6 - (dec. 2000) together with N2 F3 +AsF6 - (dec. 110 - 1700)
and apparently a third salt which evolved N2 F2 and AsF 5 at 20 - 500 (N2 FAsF 6 is
known to be much more stable' than this). Radiation of NF3 -F 2 -BF 3 mixture at -196'
in a sapphire tube (oxygen-free fluorine) gave high purity NF4 BF4 . The synthesis
and properties of NF4+ salts are described in detail in section B of this chapter.
Further reactions of NF3 which have been studied or attempted are summarized in
Table VIII.

VT-B. NF4 + Salts

The synthesis of salts of the long sought NF4 + ion has been well demon-
strated since the previous review (284a). In October 1965, Stauffer Chemical Company
chemists reported (507) the formation of UF4 AsF 6 " by a law temperature electric dis-
charge method.

NF3 + F2 + AsF5  elec. disch. + NF4 +AsF6

.800
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TABLE VIII

REACTIONS OF NF3

reactant Conditions Results References

C12 200 - 500," 8000 - No reaction 75

10,000 psi

NO 200 - 500', 8000 - NO2, NOF 75
10,000 psi

NO Excess NF3 , 3000, NOF, NF3 78

8800 psia

NO excess 2000 Exploded 78

NO/cis-N2 F2  660, 80,000 psi, 25% dec. of N2 F2  89

1 hr.

OF2  3000 Dec. of OF2  339

ore 2000, 10,000 psi, Unk. with IR abs. at 75

6 hr. 1225 and 2175 cm"I

OF2  Flash photolysis, 03 88

liquid

CsF 5000, 8000 psi, No reaction 78

1 hr.

CsF; NO 3000, 8800 psi, Some NOF, probably N2  78

18 hr.

BF3 (or Tesla coil disch., Some N2F+BF 4 " (or PF6") 232

PFs) 5 mm. pr. -196o and SiF6=
quench

BFs 1445 psi, 250 No deviation from 232
ideality

PF5  1090 psi, 250 No deviation from 232
ideality

SbF 5  2000, 2400 psi, 2% reaction of NF3 to 479

50 hr. NF4 +? and unidentified
product
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TABLE VIII (Concluded)

Reactant Conditions Results References

AICI 3  80%, 4 days (or 135" N2CI2  227
fast)

Fe+ 2, 4q. 600, fast NH4 +, Fe+3, F" 227

c-or t-No2 F, 82', 6, 100 atm., Dec. of cis-N2 F2  88
HCl04' H2 0 4 hr.

Xe Flash photolysis, XeF compounds 88
liquid

ClF 3  4250, 1350 psig No reaction 339

ClF5  325', 2125 psig, Some ClF3 and F2  339
20 hr.

C10 3 F 475', 2050 psig, No reaction 339
18 hr.

C1F 2 SbF 6  2500, 3 hr. No reaction 339

ClF2 SbF 6  350%, 80 hr. 36%, dec. of NF3 , hard 339
pink solid

ClFpSbF 6  350°, 23 hr. No reaction 339

ClF4SbF 6  2000 Some ClF5 evolved 339

CsClF4  2000, 24 hr. No reaction

CsClF4  4700 S1. dec. to CsF, CIF, 340
CIF3 , CuF2 and NiF2

C10 2  1100 No reaction 340

t-N 2 F2  y-Radiation, -196* N2 , F2 , N2 F4  471

N2F4 y-Radiation, -1960 Inconcl. (Si contami- 472
nation)

02 UV, liquid Small amounts NO2 F, 02 F. 532d
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The compound (apparently contaminated by N-0 salts) was reasonably stable to 2000 and
gave an infrared spectrum showing bands at 1165 and 707 cm" 1 attributable to the NF4+
and AsF 6 " ions. Publications describing the synthesis and properties (Lii, T28) and
the vibrational and NMR spectra (L12) have appeared.

In December 1965, Stanford Research InstItute scientists reported the for-
mation of a new N-F containing solid which was believed on the basis of.1 9 F TMR
(resonance of -215 0) and thermal pyrolysis studies to be NF4 SbF 6 (476). The four
component reaction system used, N?3 /F 2 /SbFq/HF, had in one run previously (475)
given evidence of some reaction. The analogous reaction with AsF6 was also demon-
strated (477). The products of these early runs were badly contaminated with metal
salts, but the elimination of the HF from the reaction mixture led to products of
good purity (477). The formation (especially at short reaction times) of some of
the salt NF4 Sb2 FII was also demonstrated (477), but the excess SbF5 could be removed.
The final procedure is as follows:

~~ ~~. ~2000 '.@ ~ F

NP3 +F 2 + SbFs 2000, 24•00 psi) NF4SbF6 + NF4Sb2FII 3 days,N4SbF6

(41% yield)

The synthesis and properties of NF4 SbF 6 and NF4AsF 6 by zimilar methods have been de-
scribed in the literature (L56, L57), but applications of this method with weaker
Lewis acids havebeen less successful as shown by the results (487) shown below:

NF3 + F2 + AsF 5 1250, 2500 psi> NF4AsF 6 (17% yield, 93% purity)
10 days

NF3 + F2 + PF5  1000, 3000 Psi> trace NF4+ (anion not determined)
138 hr.

NF3 + F2 + BF3 1000, 3000 psi, no NF4 BF4 , but sl. loss of NF3 and
185 hr. residue evolved NP3, F2 and SiF4

on pyrolysis

NF3 - F2 + ClF3  100*, 300 psi , no NF4 CIF4 , some ClF5 formed
65 hr.

3+ 2 + 01F3 1000, 3000 psi) trace of NF4 C1F 6 ?
65 hr.
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The identification of the ClF5 reaction product was based only on the evo-

lution of some NF3 , Fk, SUi4 and C FS when the reactor was heated above 225, after
prior evacuation at ambient. (In view of the dubious existence of the Clif- anion
the latter product appears unlikely.) As might be expected, however, ?tF6 forms a
stable salt (559a).

NF3 + PtF6 + F2  1250 - NF4 PtF6
2000 psi

The direct reaction of 7P3 and SbFs (without F2) at 2000 and 2400 psi for
for 50 hr. appeared to give (479) a mixture of NF salts based on the reported
hydrolysis products: NF3 and 02 from NF4+, Wd0 from N2F+ and NO and N10 from N2F3 +.

In' studies at Midwest Research Institute in early 1963, the formation of
small amounts of NF4 AsF 6 was observed (24.8b) from the fluorination of N2 F 3 AsF 6 at 115,
but the reaction route is not clear and may involve NF3 as an intermediate. Results
of studies at Shell (472) at about the same time suggested the formation of NF4AsF 6
upon high energy radiation of a mixture of NF3 , F2 and AsF5 at -196*. The resulting
solid product evolved N2 F2 and AsF 5 at 20 - 50*, N2 F4 and AsF 5 at 110 - 1700 (i.e.,
from N2 F3 AsF6 ) and NF 3 and AsF 5 at 200 0 (i.c., from NF4AsF 6 ). Further studies with BF3
in place of AsF5 and oxygen free F2 have led to good yields (ý 160 mg/hr) of high
purity NF4 BF 4 according to Wilson (593a).

NF 9 + F 2 + BF 3 -. y.196' NFBF4
Sapphire cell >

Application of this method to the NF 3/F 2 /iCF3 system did not,however, lead to NF4 CIF4 .

The synthesis of NF4 ClO4 and other NF'+ salts by metathesia reactions have
been studied extensively at Stanford, although previous calculations (474) had in-
dicated that no oxyanions would be stable with NF4. The high solubilities of
NF 4 ShF6 and NF4 AsF 6 , 2.6 and 1.2 g/g of anhydrous HFrespectively (L57) make this an
attractive solvent system. Preliminary studies (478) indicated that NF4 SbF 6 and
KC1O 4 were compatible as a solid mixture and in HF solution. The metathesis reaction
with LiClO4 (the lithium salt is preferred since the solubilities of the alkali
fluorides and complex fluorosalts in HF increase with increasing size of the cation)
followed by separation of the by-product and removal of solvent l 2ow temperature
gave (488) a white solid believed to be NF4 C104 which decomposed below room temper-
atuare:

NSb6 + LiC104 -!Z LiSbF6 + ITF4 ClO4 (HF Scmn.) 440) F4 lO

"NF4C0 4  M27 o+ C103OF
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This mode of decomposition, previously predicted (276a), is in contrast to the de-
composition in all other reported systems involving fluorocations and the per-
chlorate ion, i.e., to give F103 by the oxide-ion transfer mechanism (276a). A
similar result was obtained when the metathesis reaction of NF4 SbF 6 and CeClO4 was
attempted in IFS sulutiorp, except the product 14F4C104 decomposed at the melting
point of the IFS, (559a) pure IF5 melts at 10".

Similarly, the metathesis reaction with LiP or HPl~ gave a stable solution
of NT'4BF2 at low temperature (487) and a stable solid after evaporation of excess
solvent (488). Most recently, however, this solid was described as a solvated
material which decomposed to NF3 , F2 and HF at -44° (559a). However, the NF4HF2
solution is useful as an intermediate in the metathetical preparation of NF4BF4
(489).

II4H2/F+ BF3  - 7" NF 4 BF 4

However, the salt of the oxyanion S0 5 F" could not be prepared by an anal-
ogous reaction as decomposition occurred:

78 0
NF4T•2!HF + SO3 -- > NF3 + FS02OF

Mixtures of the solidi salts NF4SbF6 and LiClC 4 reacted at 550 similarly to give
ClQjoF while mixtures with KBr, KCl or KF evolved the corresponding halogen gases at
250, 150' and 2250, respectively (488).

The thermal stabilities, of the known NF4+ salts containing perfluoroanions
are (487, 593a) as follows: NF4 SbF6 dec. ý 3000; NF4 AsF6 , dec. - 270*; NF4 BF4 , dec.
2360. The good stability of the NF4 BF4 is apparently kinetically derived (276a)

*-- since calculations indicate that the heat of decomposition to IFUý, F2 and BF3 is
+3.6 kcal/mole at 250, although AHf is -305.2 kcal/mole (593a). Differential ther-
mal analysis on a sample of NF4 SbF6 containing some Sb 2 Fll- indicated a melting point

* ! of 1700 (478). The density of single crystals of NF4 AsF6 deposited from HF solution
is 1.9225 g/ml.

All of the 'W4+ salts are sensitive to moisture and appear to react with
many organics (593a). The hydrolysis is described (478) by the equation

_NF4 ++ H -0 > NF3 + 1/2 02 + H2F+

The NTF4SbF 6 reacts with traces of moisture in glass at ambient temperature and at-
tacks glass at 85* to give SiF4, INF3 and presumably cýSbF6 -
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VI-C. NI3F÷ salts

The synthesis of fluoroammonium perahlorate by Grakauskas and Remanick at
Aerojet-General was discussed in the previous review (284a). Early storage studies
on the product available in 1965 showed (45) no reaction in nickel after three
months at 25* and only very slight decomposition in Monel, but stainless steel and
Teflon were unsatisfactory. Later studies on samples of higher purity showed no
reaction with Teflon in 60 days at P50 (SO) and no reaction with glass in 30 days
at -20*, but slight reaction with nickel in 2 weeks at ambient temperature unless it
was well passivated with HF. Electrostatic test (45) showed that N%1FCI0 4 was qnly
slightly more sensitive than RDX and scale-up studies were started. Thus 5 - 10 g.
batches were prepared in 1965 (46) and 70 - 140 g. lots in 1966 (48). The preferred
synthesis route was

NM-C0.0CH(CH3 )2 /CHCl 3 + 2HCi04 /CHCl 3  20-300 0 NH3FC104 + C02 + (CH3 )2 CHCl0 4

The use of less than 70% HW10 4 caused partial hydrolysis of NH3 F+ and thus led to lower
yield and purity. The use of anhydrous HCIO4 was introduced in late 1966 (49).
The initial product appeared to be a less dense crystal form which rearranged on
standing a few days to a more dense form. The latter form was obtained directly if
the solvent was C%2C12 . The fluorofarbamate was prepurified by removal of isopro-
pylcarbamate on a silica gel colmn after N,N-difluorocarbamate was volatilized off.
Traces of solvent must be carefully removed or they greatly reduce the stability.

Differential thermal analysis of a NH3 FC104 sample prepared from 70%
HC10 4 showed (46) an exotherm at 1050C and impact sensitivity tests showed ý-50%
detonations at 25 - 30 cm. compared to 25 cm for RDX. Infrared analysis of a siib-
limed sample (NaCI window) showed bonds at 3.05 4 (N-H st.) and 7.03 4 (NH2 bend),
i.e., shifted to shorter wavelengths by - 0.15 A from NH4ClO 4 . The N-F band was not
observed, and was assumed to be obscured by the C104- bands. The heat of formation
of NH3 FC10 4 was deterniied by combustion calorimetry at Aerojet (50) to be -67.6
"kcal/mole (-49.9 kcal/l00 g.), in good agreement with the value -66.57 kcal/mole ob-
tained from the heat of solution in water (-54.5 kcal/mole determined by Fasolino
(302a) and the assumption that the hydrolysis products are F-, 1/3 NH4+, 2-1/3 H+,
1/3 N2 and C104 . Prom the heat of formation and the assumption that the heat of
vaporization of NH3 FCl04 equals that of NI4 CI0 4 and that the N-H bond energy in
NH3F+ is 93.4 kcal/mole, a value of 57.1 kcal/mole was calculated for the N-F bond
energy. This value is probably too low by 10'- 15 kcal. The theoretical specific
impulse of NH3 FClO4 with an aluminized butadiene fuel was calculated to be about
270 sec.

The NH3 FClO4 is unusually soluble, for an inorganic perchlorate. in or-
ganic solvents such as nitriles and esters. Solutions in energetic solvents were
being considered as liquid monopropellants. The very hygroscopic and moisture
sensitive nature of NH3 FClO4 also occurs with the methanesulfonic acid salt,
NH3 FS03 CH3 , which undergoes a complex decomposition to give N2 H4 along with N2
and NH3 (but no NV2-, N03" or NH2OH).
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VI-D, Difluurc diazine

The chromatographic purification of the two N2F2 isomers has been studied
at RocketdyiAe (386). The cis-N2 P2 is purified on a silica gel column while trans-
N2 F2 is purified on an activated alumina column on which the cis isomer is decom-
posed. Purified cis-NF2? was found to be much less reactive than generally in.
dicated in the published literature. Efforts to photosensitize the isomerization
were not successful with No2 , C6H6, C06 6 , C12, Br2 or 12 as agents. The thermal
isomerization at 74* for 1. hr. gives good (93%) conversions of trans to cis accord-
ing to studies at Harshaw (224). The trans-N2 F2 is previously purified of N2 F4
and SF6 by'"treating with H20 and subsequent distillation, then mixed with -25% cis-
N2 F2 prior to isomerization. Flowing gaseous trans-NF 2 has been noted to ignite
Kel-F needle valves (471) and hence should be handled with caution.

A number of reactions of cis-and trans-N2 F2 have been attempted or studied
as summarized in Table IX.

VI-E. N2F+ Salts

The salt, N2 F+AsF 6 ", (284a) has been estimated (386) from electronegativity
consIderations to be only -35% ionic in the solid, although HF solutions might well
be ionic. The shift of the AsF 6 - bond from -700 cm"1 in metal hexafluoroarsenates to
715 cm-1 in N2FAsF 6 was considered indicative of partial covalency, but the simi-
larity of the X-ray patterns of N2FAsF6 and N02AsF 6 was not considered significant.
The use of HF as a solvent has been found satisfactory for crystal growth studies
on N2 FAsF6 (472).

The reaction of either cis-or trans-N2 F2 with SbF5 at 40 - 50' gives a
1:2 complex (m.p. 82 - 840) according to Ruff (L52) which is apparently the salt
N2F+Sb 2 Fll-. The infrared spectrum shows only a single band,l104 (_n) cm-l,in theN-F region and no N-N bands were observed. No satisfactory NMR solvent was appar-
ently found: the complex fluorinated AsF 3 to AsF5 and reacted with SO2 to give N2 0,
N2, SF20, SF2 02 and S02SbF5 . The N2 FSb 2Fll decomposed readily at 2000 with attack
on glass. Only cis-N2 F2 is evolved in the thermal decomposition or in the reaction
of the complex with KF.

In another study of the infrared spectrum of N2 F+SbF 6 - (87a) the N-F and
SbF bands were again observed, but not the N-N bands. In SbF5 solutions of the salt,
however, the N-F band was not observed (88, 89, 90). Interestingly enough, a tran-
sient royal blue color was repeatedly observed (89) at the interface of N2F2 and SbF 5 ,
or uniform blue solution was formed (90) when the N2 F2 was bubbled through the SbF 5.The blue solution, which soon changes to the final yellow color, was suspected of
containing the intermediate product N2F 2 +SbF5- based on the results of EPR studies.
Even in the yellow solution, two distinct paramagnetic species could be observed at
g=2.002 and g=2.027 using a Kel-F tube. In a glass tube, the 2.00? species (ap-
parently the N2 -containing species) was not observed and absorption was probable.
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RFACTIONS 0F Np? 2

Reactions and Results Reference

NF 2 + CsF 2 20 mole percent N2 F2 absarbed (0s+NpF3" ?) 79

N2FP + CeF 600 o dec. Of' NPF2> 250 psi

•(mostly ran___s) + CsF ' 111 some solid "complex" 29 ci-N2F2 79

N2 F2 + CsF 3 no absorption, but one of two runs exploded 79
2___ 25

N2F2 + OF2 + CaF - -50°b No rxn. > unident. prod. 79
16 hr. 20 hr.

i2F + OF2  025h. Ho rxni. 79
2+F220 hr.

N2 Fp + OF+ CsF--- ((F0) 20 (not obtained from ternary

combinations) 79

N2 F2 + C12 + CsF - unident. prod.: N2 F2 CI+ in mass spec. 79
(two runs exploded)

N2F2 ( oiS yr trans) + CsF? sume ?b`. ofN 2F2 (n rený alis. 80

----4' is (,-osorha
+- - -- 800N • :L o,, n• a s )8

l12Y2 + a, "80 1io rxn. 809
24 b4r.

cis-N2F2 + OF2  -801 unident. IR peaks 80, , ' 2.1 hr.

cis-NnF, > Detonation 88
4000 atm.

trans-NF 2  . 82 No rxn. 88
3400 atm.

SN2F2 + N2F4 NF3  88
Nj N 6200 atm.

54

CONFIDENTIAL

I I



CONFIBENTIAL
TABLY, X (Continued)

Reactiona and Resulta

cis- or trans-NF, + HI0 4•. H2 0 82%, 6100 . deceof N2F2  88
-

4 hr. (NF3 )

N2 F2 + Mg(CI0 4 )2 0 S~x 1 piL. unident. rxn. ; no N2FCO14  89
NP'3

cis-N2 F2 + NO/NF3  660, 8 h. psi 9 25% dec. of NF3  89-- -- 1 hr.

tcis-N2 F2 + HO . N 2 + 1/2 02 + 2 HF 227

S~~transNF 2 order-t -N2F2 + H rate

(Note: no effect by OH- or surface on cis; no N-0-F
intermed. obsd.)

N2F2 + CO uv R 1 s CF2 0 259

t-N 2 F2 + C10 2 F -78 to N5 No rxn. 2004 C IF3 + NF, + N2 + 02 340

1-N212 + C105F -78 to 2> No rxn. -- > dec. of N2 F2  340
1341

--N2F2 + CFS -78 - to -2__ :N No rxn. (al. dec. of N2F 2 ) 340
i>1500 3421

i150 @ dec. of N2 F2

!t-N2F2 + OF2  -78 to iS0*, some dec. of both 342i l -78 to 1500 50

-t-NpF2 + CIF -7 -> some dec. - & ClI3 + N2  342

it-N2F2 + CIF3  -78 to 150'N some dec. - % CI? - + N2 342

N2 F2 + 12 --h-4 IF5 (trans reacts faster than cis) 386

t.N 2 F2  electron radiation) Ne + N5 + N2 F2  471
low temp.

N2 F2 + NF3 electron radiation _ N2 + N2F4 + F2  471
lo-wr temp.
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TA11IZ XX (Concluded)

Reactions and Results Reference

N2V2  rV.dac. 4K guench4 N2 + F' (nio N2F. abs.) 532a,
02 Matrix

cis-N2F2 + OF2  -78' dsc. NP-, F2, 02 532a

N2F2 + 0 elec. disch. soe0,N2 i4532a,
-196o oe0, OS?
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Tfz.rts to utilize the NF1 salts as reactants have not Is&ad to tbe d sW~ed

produets.

The fillhwing results were obtained at Aero,'et (17)

250 8

N2 FSbF6 " + N2 F4  ; No r 6 hr. X2, NV3, iolid (no N2 Fs+SbF 6")

N2 F÷SbF6 - + (IF2)2CNF -780 b No rxn.- 630b N',, PF3 , CFj, solid (not (NF 2 )2 CN+,bF 6)

N2 F+BF 4 " + (NF2 )2 CNF -"780 P some N2, cis-N2F2, CF4, BF3 and SiF4(no (NF2 )2CN+SbF 6 ")

In studies at Reaction Motors (355) the mixing of solid nIFAsF6 and CsCIF4
at -78* in a glass apparatus gave ambiguous results.

No reaction was observed between solid N2 FAsF 6 and 500 mm. pressure OF.
at 250 to 112', or at 250 in HP solution (532a). No products of interest were ob-
tained from N2 FAsF 6 and KN03, AgNO5 or AgDO2.

VI-F. Tetrafluorohydrazine

Structural. studies on 32F4 have recently been reported by Hersh (L29) and
by Bohn and Bauer (L6), the latter study also included the ITFP radical. The 1 9 F
NMR spectrum has been obtained at low temperatures by Colburn e" al. (Ll2a) and
shows the presence of rotational isomers.

Studies of the reaction chemistry of N2 F4 have continued since the previ-
ous review. An increased emphasis has been placed on reactions with inorganics
since the reactions with organics had already been extensively explored. A large
number of experimental studies with N2 F4 are summarized in Table X. Much of the
chemistry of the C-N-F compounds is now appearing in the published literature.

Several studies have been concerned with the compatibility and properties
of N2 F4 with other liquid oxidizers. Thus in a program at Aerojet (44), studies were
made of the densities, vapor pressures and stabilities (thermal, adibatic compression,
flow conditions, and storage) for N2 F4 with C(NFP) 4 , CF(NF2 )3 , HTTF2 and CIF5 . The
NpF4 - ClF5 system was studied at Reaction Motors for thermal stability, pressuri-
zaLion and shock sensitivity (360-363). Homogeneous mixtures from the components

N2 F 4 , NF30, C(N0 2 ) 4 , CF(NF 2 )3, CiO3F, ClF3 , ClF5 were studied at Rocketdyne (381)

and theoretical calculations made (393) for the ternary system N2F4 - C(NF2)4 -

ClF 5
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VI-". N2F 3+ Salts

The formation, properties and reactions of a product discovered at Rohm

and Haas In 1961 and reported in 1965 (L49u) as NF2 SbF5 was previously reviewed
(P84a).

This material was obtained from the reaction of N2 F4 and SbF5 appeared to
retain the N-N bond. Studies at Reaction Motors beginning in late 1964 of the NOF4 -
AsPs system indicated (351) the formation of one or more adducts at -800. Further
studies (352, 354, 355) led to the identification of the stable 1:3. adduct as
N2F3+AsF6" according to the publication by Young and Moy (L62). The reaction product
at -80' approached the composition N% 3As2 F1 1 , but the excess AsF 5 was evolved on
pumping at room temperature. Other studies (4a5) have also indicated a complex
(N2 F4 )3 (AsF 5 )2 at 80*, according to the NMR of the solid. The earlier studies on
the SbF5 system have been extended and published by Ruff (L52). The 19F NMR data
are consistent with the presence of the N2 F3 + ion in both products: NNR resonances
at -180, -146 and -122 0 for N2 F3AsF6 in HP solution; NMR resonances at -189.9,
-154.0 and -128.8 0 for N2 F3 Sb2 FI1 in S02 at -70e with the characteristic appear-
ince of an ABX group. The latter salt in HF solution gave resonances at -180, -154
%nd -129 0 (476). The infrared spectra of the two materials also indicated the
same cation and nine strong bands, corresponding to the expected nine fundamentals
of the F2 N=NF+ ion, plus normally shaped anion bands have been observed for the
AsF 6 - salt (276a). On the other hand, a tentative conclusion that N2F 4 '2SbF5 was
not ionic was reached, based on NMR studies (477).

The NF 3AsF 6 is soluble without decomposition in BrF5 at -600 and IFS at
25°, but is insoluble in SF4 , CF3 OF, or (CF3 )2 Co (357) and attacks CFC1 3 , C2 F3 C13 ,
CC1 4 and ignites organics (284b).

A number of attempted reactions of N2 F3 + salts are summarized in Table
XI.

VI-11. Difluoramine

The structure of difluoramine has been determined recently by microwave
(137) and electron diffraction (129) methods. The microwave study led to a dipole
moment of 1.93 t O.02D, which was confirmed by the value 2.01D in other studies
(236). The infrared spectra of HNF2 and DNF 2 (L14) have been reported. The heat
of formation of HNF2 was redetermined as -9 kcal/mole (359a). The study of hydro-
gen exchange between HNF 2 and D2 0 or CF3 COOD was initially interpreted as showing
evidence for the NF2 H2+ ion, but cryoscopic studies of HNF 2 -1 2 SO4 did not give the
same conclusion (184). An TW study of the exchange between H1F7 and CF3 COOD
showed second order behavior over a narrow range of stoichiometry (i.e., ratios of
0.5 to 2.0), but at higher HNF2 /CD3 COOD ratios the rate increased and no simple
relationship was observed.
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TABLE XI

REACTIONS OF N2̀ 1ý+ SALTS

Reactants Conditions Result Reference
N22F 3AsF 6 + F- IF5 t-N 2F2 I N73  352
W2 F3 AsF6 + IHO 

N2 , NO, NF3 , N2 F2  355
N2 ? 3 AsF6 + NaIF 6  28% NF3 , 4% t-N 2 F2  355
N2 ? 3 AsF 6 + KC10 4  Ground solid No rxn. in 10-15 min. 355

mix., 250
N2 F3 AI"F6 + KSO 3 F Ground solid Complete loss of N-F 35S

mix., 250
N2 F3 ASF 6 + AgCl0 4  HF No rxn. (AgCl0 4 too 355

insol.)
D2F3 AsF6 + KC10 4  "80, HF Immed. rxn., Cl2 , 355

N2 F4 , N-0 cpds.
I2F 3 AsF6 + KC10 4  "500, S02  NOAsF 6 , attack on 356

solvent
U2 F 3AsF 6 + NH4 C104  "50, S02  NOAsF 6 , attack on 356

solvent
I'2 F 3AsF 6 + (CH3 )4NC10 4  -50, S02  NOAsF 6 , attack on 356

solvent
N2F3ASFF6 + HS0 3 F -500 SOP Fast rxn. 356
IT2 F3AsF 6 + NH4 C104  Solid Compatible 

356
N2 F3 AsF6 + (CH3 )NClO4 Solid Compatible 

356
- 2 F3AsF 6 + BrF5  -60 Sol. without dec. 357
N2 F3 AsF 6 + IF 5  250 Sol. without dec. 357
HTF 3 AsF6 + KC1O IF 5  Slow dec. to CI03 F, 357

NF5, t-N 2 F2
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TABLE X1 (Concluded)

Reactants Conditions Result Reference

N2F3ABF6 + CsClO4  IF5 very slow dec. 357

N2F3 Sb2FII + CsC1O4  900 C103FNF3 , vigorous rxn. 357

N2FSb2 'FI + CsC104 Grinding, 250 One sample deflagrated 357

N2F4 (g) + C50lO4 (s) Sb 5 suspension White solid, dec. at 357

800 to C103F, NF3

N2 F3AsF6  + 03 CNF 2  SbF 5 suspension Deflagrated 357

N2 F3AsF 6 + 3 CITF2  -70e, SO2  Immed. rxn. to N2 ?4 , 357
N2F 2 ?, 03NAsF 6

N2 F 3AsF 6  + P 2i15-120* NF3 , As? 5 , traces 276a

NP4 AsF6

tI

rI
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The most important reaction of W2 to be discovered recently is that (in

the form of its oF complex) with fluoroxy compounds such as CF2 (oP) 2 to give the very
stable difluoroaminoy analogues, e~g,gC?(ONF72 )2 . These studies have been pursued
at Rocketdyne (585, U16, 402). The CFr(ONFP2 )2 for example ic a stable liquid boiling
at ,.9e which is not shook sensitive anZ which is stabla in concentrate !2SO4 at 25S
for 40 hr. A number of othar reactions of HU2 are suaarized in Table XII.
Publications are appearing in Lbe literature on the reactions of HNF2 with orgmaic
compounds. Results of studies of the hydrolysis (LIS),electrcchemical reduction
(L60). and reaction with anions of IJNF2 (Il6) have been published.

Studies of the mIscibility, density and stability under storage and flow
conditions for mixtures of IMF2 and N2F2 were made at Aerojet (44).

VI-I. Trifluoramine Oxide

The independent discovery of VF3C by Bartlett and co-workers has led to
the declassification of much of its chemistry. Bartlett and co-workers first de-
tected NF 3 0 (which they named nitrogen oxide trifluoride) as a trace by-product of
the fluorination of NOF with PtF6 (to give IAOPtF and F2 ) (L185) or with OsF 6 to
give NOOsF 6 and NOOsF7 (Lla). Iridium hexafluoride on the other hand gave (Lla,
12) a stoichiometric amount of NF3 0 of high purity according to the equation

NOF + 2IrF6 -- , 2NOIrF 6  + NF30 + F2

the pyrolysis of (NO) 2 NiF6 at 3500 also gave NF3 0 together with an approximately
equal amount of NOF (12). The synthesis and properties of NFAO have been summari.zed
Se 9 mot i, t •ci ntistt %t Ali•i wal (iA) • •d R.tci:et&'nc BrdifL 1

have published (L17) a paper on the infrared spectrum, structure and thermodynamic
properties if NF3 0. The thermal decomposition NF50 has been reported to begin at
ab-ut 2355 (76), while other reports state that it is stable in nickel or Monel at
3000 and attacks glass or quartz only slowly at 400*.

The results of a numrber of other studies on NF3 0 are summarized in
Table XIII.

Vapor pressures were measured in the range 10 - 70* for a 1:1 mixture of
NF3 0 and C(NF2 ) 4 and the stability over a 41-day period at the higher temperature
was established at Aerojet (44). Properties of homogeneous oxidizer mixtures of

NF3 0 with other components were studied at Rocketdyne (427, 395, 400).

VI-J. Complexes of NF3 O and the NF20+ Salts

In the previous review (284a) the reactions of NF3 0 to give complexes
with weaker Lewis acids and ionic 0F2O+ salts with very strong Lewis acids were
described.
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Further studies of the INF;0-BF5 system at Rocketdyne concluded (386) that the product
can be either "ionic" or covalent" depending on the preparatory route, but the NFl0-
AsF5 product was estimated from electronegativity considerations and Hammel calcula-
tions to be at least 20% ionic. Studies of these materials have continued, but use-
ful IV20+ salts have not been attained.

The 1 9F NMR spectrum of the VP20+ ion in BrF5 solution shows a chemical
shift which is dependent on the anion and apparently on the concentration, but es-
sentially not on the temperature (75). The shift to higher field is in the order
SbF6 - <AsF6 - <BF4 -. At -60 the SbF6" salt appears to be two singlets, one broad
and one narrow but at room temperature a triplet is observed. The NF3 0-AsF5 product
also gave varying NMR shifts with different HF samples (386).

Solubility studies on NF2 QAsF 6 showed (76) that it was essentially in-
soluble in the following solvents at the temperatures listed: BrF3 , 25*, (CF3 )2 C0,
25'; (C`Co) 2o, 25°; HSOýF, 25"; PF3O, 00; ClO3 F, -l0°; SF40, -40" ; CF2 O, -400.
The vapor pressure of NF2 OAsF 6 was determined to be 10 - 20 mm. at room temperature.

VI-K. Mhlorodifluoramine and Dichlorofluorsmine

The chemical properties oý? chlorodifluoramine have been summarized by
Petry (L46). The reaction of an aqueous ?NaCl0 with difluorourea appears to be one
of the best methods for generating sizeable quantities of ClNF2 (18).

Efforts to prepare Hg(NF) from the reaction of ClNF2 and Hg at -40* to
250 or in ethyl ether solution at 25°'gave N,)F& and traces of N2 F2 (17). In studies
of the related compound ClNFCOOR (R = 02H5 or C3 H7 ) the coupling reaction below was
apparently observed (15, 17).

CUNFCOOR + Hg --. Hg (NFCc2R) 2  + R0C0NF[HgN(Cc2R)]xHgNFCO 2 R

20% ao%

The Hg(NFCOOR) 2 reacted with C12 to give the starting material and with 12 in
CH2 C12 to give INFCOOR (without solvent, FCOOR and N2 were formed) rather than the
desired coupled compound (-NFCOOR) 2 which was invisioned as an intermediate to
N2 F2 C12 or N3 F5. Efforts to use sulfur of S2 C12 as the coupling agent were incon-
clusive and Ca, Zn or Ag failed to give the Hg reaction.

Another related compound C(NF )3NFCU (first prepared at 3M in 1964) was
found (15) to lose ClNF2 even at -1960 ýn glass. An attempt to prepare
C(NF2 )3 NFClO 3 by the reaction of C(NF2 )3 NCO with CIC3 F/NaF was unsuccessful (15).

The research on the synthesis of dichlorofluoramine has been published
(L55a). This compound has been synthesized in good yield and purity at Aerojet
(15) from N-fluoroethylcarbamate:
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%-HCOOC2H 5  W~-COOC 2 45 IiiO C 2VF

This method (which strangely did not work with the propyl carbamate) was an improvedversion of a 1961 Aerojet method not included in the previous review (see ref. 27 in
bibliography of ref. 284a):

FCOOC2Hs C12-> CINF0OOC 2  NaClO D C12NF + C02

The pure C12 NF prepared at 50 was a colorless liquid, but reaction at -5 to -100gave a yellowish product which contained CO and organic matter. The Cl2 NF de-composed in glass at 25*. The presence of BF3 accelerated the decomposition, but
CsF appeared to stabilize it.

A number of reactions of C12NF have been attempted as sumnarized inTable XIV. In general, the C12NF appeared to act as a source of NF radicals (18).
An attempt to react C(NF 2 )4 with (CH3 )3 COC1 gave CINF2 rather than the desiredC(NF2 )3Nl2 (8).

VI-L. Miscellaneous N-O-F Compounds

A large number of reactions have been attempted on various compoundswhich contain nitrogenwithfluorine, oxygen, or both as summarized in Table XV.

Although N2 F2 , N2 F4 and NF3 0 readily undergo the fluoride abstractionreaction with Lewis acids (e.g.,to give N2F+AsF 6 -) and similar reactions arereadily entered into by the halogen fluorides, some of the sulfur fluorides and
02 F2 , this type reaction could not be effected with a number of other N-F orlikely C-F compounds. Thus, the attempted (355) reaction with NF2 NO led to degra-
dation:

NF2 NO + AsF 5  -163* to -90* red intermed. " wh. solid, mostly NOWAsF 6

1TF2 NO + AsFs -!15* to -90* ) purple mixt. -780 red & wh. mixt. 250

15 atm., 7 hr. 1 wk.

Arsenic pentafluoride acted as a fluorinating agent toward CL2NF (356).

C12NF + AsF5 - > ClNF 2 + AsF3 (no C12 N+AsF6 -)
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TABLE XIV

REACOTION OF DIC1L0ROFLUORAMN

Reactions ani Results Reference

C1 + + N2F4 2-34 N CIN7 2 + N2 F2 (no N2 F3 Cl) 16
metal

C12NF + NX2F2  1 N, N2s'2, NF3s, Cle, NOF 18

C 2 N? + NO -1320 ClNF + N20 + NOF 15

C12NF + HW 2  12104 > lNF3 N2F4 , HCI, H20, SiF4  17

C12NP + 'F2 -78% 35 min.& NR 250, 15 min S , F 18Pyrex PyrexN

N+ 25*, 2 hr. N 70-80, 30 mi. 0 N2 F4 , cis-N2 F2 , 18

trace NOCI

C12 1NF + HNF2 70-80%, quench > cis-and trans-N2 ? 2 , CINF2 , NOnl 18
metal flow system (some -- F4, Si? 4 ;, N02)

C12 NPF + F2 /CsF --780 h lFN3 22(oCFN)356
-~ ClNFsome?3,.N 2 ,2 S(noCN0N)

C12NP + AsF 5  • CINF 2 + AsF 3  356

ClpNP + SbF3  2s > N2, Cl 18

C12 NF + BC1 3 -8 N2 , Cl2 , BF3  18

ClpNF + BF3  --780 HC12+BF 4 "?

CINBF4 + H --- ClNF2 , Cl2 , BF3 , HF 18
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WLNXV

MISCMLAIMO3S X-04 REACTIONS

Reactants Conditions Result Reference

NOF + CsF 25-3000, 1400-3140 psi N%; (no INp 0) 76

N0 2 F + Cap 3 hr. each at -780 & -450 No rxn. 76

6 days at 250

N0F + F2 /CsF -789, -45', 25', 150- No rxn. in 1 hr. each 76

NOF + CsF 25', 3 hr. or -78*, 16 hr. No rxn. 77

NOF + CsF + F2 -78', 2 hr. or 25', 3 hr. Some NVF 77

NOF + N2 F4 + Cap 200', 8000 psi, 46 hr. Np3 , NOF, NO, NF3 0, 79
solid containing Cs,
F,N (+0?)

'N72F + Cs? -65' No rxn. 77

N02 + CsF 25' Some abs.; solid stable 77
at 2000

Solid above + F2 200', 250 psi, 2 hr. NmgF 77

Excess N02 + CsF 2000, 4700 psi, 18 hr. 1 mole NKo abs/mole Csa 77

Solid above + F2 200", 7100 psi, 4 hr. N13 O, N02 F 77

N02 + CsF + F2 25', 3600 psi, 5 hr. Some N0,F, (no NF3 0) 77

N02F + CsF -780 Solid containing N,F 121

NO2 + (CF30)20 70', 16 hr. (CF5O)2, CF2 0, NC0 '79

NOF + PtF 25' F2, NF3 0, NO+ salt .79

NOF + IrF 6  250 NF 3 O 79

N2 0 + CsF 25-400', 10,000 psi max. No rxn. 76,78

N2 0 + F2 + CsF 200-400', 9500 psi max., Some Mt, NF3 0 two runs 78
15 hr. e.xploded

N2 0 + ?tF 6  25' No rxn. 28
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TABLE XV (Continued)

Reactants Conditions Result Reference

N2 0 + IrPS 25° No rxn. 79

NO + SF4  25 or 125* No rxn. 259

N02 + 02F2 -130o N02F 266

NO + OF2  NO2F, NOF 284

NO2 + ClF3  liq. No evidence of ions 301

Na2N202 + F2  CC1 4  NaF, no NFO anion 335,333

NO3, N02" or -1i0* to 350* No NFO anion 335
N202- + F2 , 0.5 to 1200 atm.
OF2 or CIF3

CsN 30 + F2 -400, 25- CsF at 250 only 335

NO2 + CsF 25, 1.00, 2000; 10-72 hr. CsNO3 (no N-F) 335
each

N20 + Cs? 3000, 24 hr.; 100, 4 hr. No rxn. 335

NO? + CsF 250, 20 atm., 72 hr. 1
150', 30 atm., 12 hr. No rxn. 335
80*, 1,200 atm., 1 wk.

NeF + CsU 250, 20 atm., 72 hr. 1
1500, 30 atm., 12 hr. No rxn. 335
250, 825 atm., 1 wk.

NO2 + AsF 5  NO2AsF6, NOAsF6 (not 354
NO2.AsFS as in Lit.)

CIONG2 + Me4 NBrCI 2  Me4 NBr(NO3) 2  437

AgN 30 + MeTaIC1 4  Me4 NI(N03 )4  436

(CF.%)2 NO + F2 (CF.3 )2 NOF 532d

(CP3 )2NO + NO2 25° (cF3)2NON'T, 532d
(F 3 )2N•oNo,
(CF3 )2NOoNo?

(Ci•) 2No + N2F4  (CP0)2NO0M2 532d
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TABLE XV (Concluded)

Reactants Conditions Result Reference

NO2OF + 112 4  elec, disch., -400 NP3 , N02, SiF4  532a

NP3 or N2 F4 + flame No :NF observed 537
H2 or CS2

The reaction of Cl2NF with BF3 reversibly formed a 1:1 complex at -78.
which contained the BF4 - according to infrared analysis (18). Neither AsFS nor BF3
reacted with CF3 OF (356), but decomposition occurred with BF3 and either N,N,N'-
trifluoropentoryformamidine or i,2-bis(difluoramino)cyclohexane.

The attempted fluoride abstraction reaction on (NF2 )3 CF to give
(NF2 )3 C+SbF 6 - led only to degradation (17):

(NF2 )3 CF + SbF 5  25* No rxn. 16 hr. (NF2)2CF2 + t-N2F2 + N2 + NF3 A' CF4

At 350, reaction was incomplete after 17 hr. but the gaseous products were the sane.
The unidentified solid product melted at 75 - 800.
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CHAPTER VII

INORGANIC HALOGEN FLUORIDES AND DERIVATIVES

VII-A. Chlorine Pentafluoride

Several publications on the preparation and properties of chlorine penta-
fluoride have appeared in the literature since the previous review (284a). Included
are publications on the fluorination of ClF3 under ultraviolet radiation (L1l9) and by
platinum hexafluoride (L120), on the thermal equilibrium of ClF3 , F2 , ClFS (L107) and
a paper (L125) from the Rocketdyne Laboratories on the preparation and properties of
CIFs. Rocketdyne has issued recently a Chlorine Pentafluoride Handbook (415) as well
as an Interhalogen Handbook (415a) which is primarily a compilation of engineering
properties, handling characteristics and design criteria for ClF5 and ClF3 , plus
selected data on other interhalogens. The electrochemical preparation of ClF5 has
been studied (417) and an evaluation made for the use of this method in a large scale
(0.1 - 1 million lb/yr) manufacturing process (409, 410). Chlorine pentafluoride has
been made available commercially in laboratory quantities by Allied Chemical Corpora-
tion (Industrial Chemicals Division). The publication from Rocketdyne (L125) gives
the 1 9 F NM4 chemical shifts as -412 0 (apical fluorine) and -247 0 (basal fluorines).
These values were previously reported (284a) as -428 and -258 0. The mass spectra of
ClF5 and BrF5 have been rechecked (66b) and the following intensities observed:

CIF4 +, 100; ClF2 +, 100; ClF+, 30; ClF3 +, 23; ClF5 +, ,. 0

BrF 4 +, 100; BrF2 +, Z0; BrF+, 30; BrF+, 25; BrF 5 +, 0.8

A purification procedure reported (75) to give 99+% pure ClF5 consists of
adding excess BF3 to trap CI1VF (in the form, ClOcBF4 ) at -1110, followed by fraction-
ation through traps at -130° (which retains ClF5 ) and -196*.

Among the most interesting reactions involving CIF5 to be reported is that
from the Olin Mathieson Laboratories (275a) to give Cs+ClF6". The reaction was ob-
served from 250 to l00 in 100 to 300 hr., in the absence of metal, with the best re-
sults as shown below:

CsF + ClF 5 25°, 300 hr. > CsClF6  + CsCIF4  + CsF (36%:35%:30%)
Teflon system

The reaction with RbF at 700 was reported to give 28% yield of ClF6" while
that with KF gave only a 6% yield. The identification was based entirely on elemental
analyses of the mixtuLres, plus the observation that CIF5 and C1F3 were evolved and CsF
remained upon pyrolysis at 2000. The actual existence of the CIF6 - ion would be most
interesting since it would be a pseudoheptacoordinate structure which is without
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preuedence in the second row elements. The CvF2+ ion would be isoelectronic with the
knovn stable XeF 2 moleuule, and the presence of the salt 002'+0IF4" as an alternate
possibility for Cs+ClF8 " has been suggested (276b). Spectral data are obviously needed.

The reaction chemistry of CIF5 has been pursued vigorously, as illustrated
by the results summarized in Table XVI.

Evaluations of the properties of ClFB as an advanced propellant ingredient
have included: Rocketdyne's physicochemical characterization studies (387, 388)
(compatibility with metals and metalloids, properties of homogeneous liquid mixtures
among the components ClF=, CIF3 , CO03 F, CF(NF2 )3 , C(NO2) 4 , NF3 O and N2F4)); properties
determination and theorepical performance calculations with C2F, and N2F4, C(NF2)4 or
C(N02) 4 (392 - 394); and engineering properties studies of CiF5 , ClF3 , N2 04 and
various fuels (396, 397). Aerojet General has also studied the physical properties,
stability and storability of ClF 5-%F 4 liquid mixtures and the gelling of CIF5 with

10 wt.% Ba(SbF 6 )2 (44), the passivation with ClFr and its behavior with selected
fuels (51 - 53), including test firings with mixed hydrazines (56, 32) and the
heat transfer characteristics of ClF5 (44a). Reaction Motors has studied the vis-
cosity, heat capacity and thermal stability of ClFs (359), properties of mixtures of
ClF5 with N2 F4 (360 - 363), properties of dispersions of B4 C in CIF5 (364),
theoretical calculation of ClF5 and CIF3 with boron slurries (367), motor firings
with CIF5 and Borol 502 (368) and other studies with fuels (369).

VII-B. ClF5 - Lewis Acid Complexes

The nature of the reacticn products of ClF5 with the Lewis acids AsFS and
SbF 5 has been the subject of considerable research. As reported in the previous re-
view (284a) the ClF5 'AsF 5 product is a solid with a high dissociation pressure
(150 mm. at 00) and the (.'lP5 SbP 5 product was a low melting (34 - 360) solid with a
low dissociation pressure (apparently nonvolatile at 1000) which gave evidence of
being ionic, i.e., CIF4 +SbF 6 -. The previously inconclusive MS and IR studies on both
complexes have been pursued.

In studies at Allied Chemical, the ClF5 "AsF5 complex* was insoluble in SF6 ,
gave a very weak NMR resonance at • = 271 ppm in AsF 5 and a red solution in BrF5 which
faded to pale yellow over several hours (76). One NMR sample in BrF5 at -60 to -800
showed a weak doublet at • - -265 ppm (which tended to sharpen at lower temperature)
plus a broadened BrF5 signal. A second sample showed only BrF5 as a pentet at -271
ppm and a doublet at -132 ppm. Some C103F and BF3 were observed in the gas phase.
Neither pure ClF5 nor AsF 5 had absorptions in the -265 ppm region, while BrF5 -AsF 5
mixture showed only a broad signal at -107 ppm. In further studies (77) the BrF%
spectrum is reported as a doublet at -271 and a triplet at -132 ppm. When ClFs, BrFS
and AsF 5 were combined and equilibrated at -450, a doublet at -265 ppm was also ob-
served and tentatively assigned to CIF4 +. (The relative rates of formation of
CIF5 .AsF 5 end BrF5 .AsF 5 would appear to be an important consideration here.)

M Efforts to get an elemental analysis on ClF5 'AsF 5 were unsatisfactory (76).
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TABL Xv

0CTIONS MF C01F 3

Reactants Conditions Results Reference

K104 no new products 75

1 0s no new products 75

1205/HF -78° C010F, 01C2F, IFS 77

Hý/F -.78" CMY, CmvF, co 77

CsF -30, 12 hr. no rxn. 77

aSF -78°, 35 hr. no rxn. 77

LiCO14 -780 4% C12 07 , trace unident. 76,77
mat.?

1003 F 250 no rxin. 80

KB0F 140-1700 SF2 02, 02, KlIF4 or IMF2  80

Sioý/CsF 250, 16 hr. SiF4 , 02, unident. solid 80

PF3 O -11).° to -78" some ClF, C1O3 F 80

PF 3O -78° to -30* some PF5 , unidens, wh. solid 80
which gave C1F5 and PF3 O
(S =. at 250)

SO3  -23°, 4 hr. some S2 %-F2 , SF2 0 80

SO3  230, 1 hr. C102 F, ClOF, S2 05 F2 , SFP0C 80

HS0 3 F slow reaction 79

02 3-4 x 104 psi, 300-400° no C1F5 0 or Clr17  117

OF2  3-4 x 104 psi, 300-4008 no CIF 50 or CIF 7  117

F2  3-4 x 104 psi, 300-4000 no C1F 7  117

F2 (9.3X) 43,800 psi, 440*, mass spec. peaks in 147- 119
48 hr. 150 range

iF T78i ~CONFIDENTIAL.
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TABLE XVI (Continued)

Reactants Conditions Results Reference

F2  y, 25,000 psi, 250,110 hr. no 01F7 1i9

02 120 to 420, 44 - C1P, ClF3 , C12, ClCF, Ms, 77
108 hr. etc., uniderit. prod.

02 elec. disch. (static complex mixture, unident. prod. 77
and flow)

OF2  elec. disch., -196* complex mixture, unident. prod. 77
!li • (ClF5 (s) )

02 F2  complex mixture, unident. prod. 77

NOF -780 -1:1 complex stable <-200 301,337

NOF -1080 no evidence of interaction by 420a

.TOF/CsF <-200; preformed no CsCIF 6  301
NOF. CoFs

NO2 F -780 liquid complex stable <-350 342

N0 2 F -60* to -80' no evidence of interaction 420a
by --MR

ClF2 AsF 6  .250 no rxn. 301

I5O3  250 no rxn. 301

CsNO3  NO2F, C102F 301

KC10 4  C lC0F, IF 301

KUI0 3  some Cl02F 301

--Sb HF i.1 adduct immediately 301

H2 02  violent rxn. 301

1205 7FS, IF 7 , C103F, C102, 02 301
(sudden rxn. after -5 min.

delay)
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TABLE XM (Continusd)

Resctamts Conditions Results Reference

°2A'°• ClF2 AaF 6 ? 301

Ua'SbP 6 )2  no gel formation 301

B•(B.F 6 )2 ~no gel formstton 301

0(sFq)2 10 wt. % gel 44

02 elec. diseh., $.0 nma., ar" C103 F, CIO1F, 01CC, 338
-40 to -10°

JF3  32-30s, -125 psig, 20 hr. some 01F9 and F2  339

"OF2  3000, 2950 psig dec. of OF2  339

NiF2 '4%20 2000 CloF, CIO3 F, HF 339

00020, 1100 C102F, C12  339
5% Cý in 02 "78°, CF201,2 C03F, CI02F, ClF3 339

za202 !50o NaF, Op.' OlFs, CIF, Cle 341

1i_2_72 -78 to 1500 v. sl. dec. 342

C12 250 no rxn. 387

C0., 25° no rxn. 387

Graphite 250 10 wt. % CIF5 absorbed 387

NO 250 NoF + C12  387

Co CF2 0, C1FCO 387

H20 or metal C1O2 F or C10 3 F, C102  387
hydUates

1N02  CICF, 0 102, NC2F, NOF 387

P2 05 PFE3O %.9 C12  387

S03  8F2 02, Ck, 02 387
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TABLE XVI (Continued)

Reactants Conditions lesultts Reference

Misc. M', 02, C1-0-F mixtures 387

hydroxides

KC103  250 CIopy, C10 3 rF, C12ý, 02, 387

KCIF4

SKC104 25" or 1500 no rxn. 387,420a

KC104 H 250 KHF2s C102, FC102, FC103 420a

NaNO2 25° N02F, ITOF, N02, C102F, C12, 387

NaF

Naii03  25° No2F, 01- 2 F, NaF .387

NaN. 3  HF, 25 N0F, C102 , C10 2 F, C10 3 F 420a

"Na2 SO3  250 no rxn. 387

Na23• 1500 SF 2 C0, SF6, C102, Cl 2 , 02, 387

NaF

Na| 2S0 3  250 no rxn. 387

Na2S203  1500 same as with S03 387

CsF or IT 250 or 1500 no rxn. 387

--- 00 no rxn. 387

BF3  -ll20 no rxn. 387

(CF,3 )200 250 fluorination 387

(CF30"0) 2o 250 fluorination 387

CC] 4  250 Cl½, CFCl 3  387

CHCI 3  250 CHFCI 2 , CF4CI, CF, C12, 387
CFC13

XeF 4  250 solubility 5.5 g/100 g 393

CiFs

XeF2  low solubility 394
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TABLE XVI (Concluded)

Reactants Conditions Results Reference

lig0 06 2g C102F 420a
KBr03  no BrF30 420a

W2 -80* ClVN? 2 4, NP3 420a
2CsF.Cl0 00 CsClF2 , ClF, Cl02 F 423
I020 

CIOF, some 0103F; no 426
ClF30

I2C5  C102F, some C102; no 426
CliO0

P°(No3 )2  -30* to 25*; fast 02, NC0F, C10iF, ClF3, trace 426

N02OC102 ?
P°(NO3 )2  -50*, excess ClF5 , slow N02F, C10 2 F, PbF2 426
NF3 , F2 1000, 3000 psi, 65 hr. trace NF4 C1F6 ? 487

SbFs, F2 A, press, complex product 487
Ar, 03 h v, 40K trace CIF5 0 ? 532a
F2 y, -1960 no new products 532a
ClFS elec. disch., -800 dec. of some Cl12F, C103 F,

no (ClI 4 )2  420a
CIFs h v, -1900 no EPR evidence of CIF4. 77
CIFS hv, -190-, CF4 , C2F6, no EPR evidence of CiF 4. 77

SF6

CIF5  hv, -190o, CF4/CFCI5 liq. no EPR evidence of CF4. 77,78
or ClF•.C1F5 hv, -190°, NF3 liq. no EPR evidence of CI.F4. 78

or CIF2 .
CIF5  elec. disch., flow system see only FP in EPR 78
CsF 250, 300 hr. in Teflon CsClF6 in mixture with 275a

CsClF4, CsF

82

CONFIDENTIAL

!I
S... .° • • • -•-"• '•' ' • --- . . .... .. . ......... .... .. ..... *, • b*: I •, ..... • • I



CONFIDENTIAL
With more dilute samples (50 mole % BrF5 ), a broad peak at -80 ppm and a peak at -226
ppm were observed. In a 1:.:i sample a broad peak at -100 ppm was observed in the
three component system, but normal spectra were obtained in a CIFS - BrF5 mixture at
-45*. A mixture of BrF5 and AsFY gave a yellow solution at first, but this turned red
on storage at -40*. The NMR of the latter was a broad peak at -106 ppm and a small
unexplained peak at -90 ppm. A second, more concentrated sample using less pure Br 5  A
showed only a -107 peak. No paramatnetic species were observed in the red solutions.
The combination of ClF3, BrF5 and AsF5 on the other hand gave a white solid at -40* and
only weak, poorly resolved NMR peaks were observed. The -265 ppm peak was therefore
tentatively assigned to CIF4 +. The ClF5 'SbF 5 salt in SbF5 gave only a -274 ppm peak
downfield plus a broad peak above 100 ppm from the fluorines on antimony.

In further studies (78) of C1F5 "AsFS in BrF5 a very broad NMR peak (-150 to
-87 ppm) was observed but these, as well as the previous results, were considered in-
conclusive because of HF impurities in the solvent, i.e., the HF promotes fluorine ex-
change with dissolved salt although it does not with Br?5 alone. Thus ow M ClFS'AsF5
in HF gave only one broad peak: +170 ppm at -300 or +188 ppm at -80". On the other
hand when excess ClF1p was dissolved in excess SbF5 , the resulting solution at 450
showed an l.Z peak at -274 ppm. At 2SO some solid precipitated and this peak was
broadened, while at 00 or -60* only the Sb-F peak at +109 was observed. The ClF5 .SbF 5
was not soluble in BrF5 (79). However, when ClF5 was added to a solution of SbP5 in
BrFS, a white solid which formed initially redissolved on standing at 25. The ClF5
was observed (MMR examination of six samples) when the ClFS/SrF5 ratio was 4:1, but
not when it was 2:1. With a 1:1 ratio (at -50) the BrF5 resonances were averaged at
-154 0 and the SbFS at +121 0, but with a 2:1 ratio (at -40*) the BrF5 peak was un-
resolved at -167 0 in one sample but partially resolved at -.276 and -138 0 in another.
No evidence for BrF4+ was observed in the BrF5 -SbF 5 system: at -40* only partially
resolved BrF5 was observed while at 250 the BrF5 average was at -167 and the Sb?
species averaged at +109 ppm.

Efforts at Monsanto (301) to get the infrared spectrum of ClF5 -SbF 5 product
(formed by rapid reaction in HF) in KBr or K01 pellets, or Kel,-F mulls gave incon-
clusive results because of the reactivity, but some differences from -the spectrum of
ClF2 SbF 6 were detected.

A lengthy research effort has been per'formed at Rocketdyne on the IR and NNR
of ClF5 'AsF 5 complex.

The 1:1 complex was formed at -80°, then warmed to 250 before being con-
densed at -1960 onto a AgCl window of the IR cell (385). (This method raises the
question of whether the complex reformed normally upon condensing.) The spectra of the
complex and of solid ClF5 and AsF5 were taken at -196* (the ClF5 showed an anomalous
strong band at 686 cm- 1 which was attributed to C0F4" or C1F2'). The spectrum of the
complex was relatively simple, suggesting C4v symmetry. A band at 817 cm-1 was at-
tributed to the Cl-F stretch and a band at 743 cm-1 to the As-F stretch. The latter
is abnormally high for AsF 6' and was therefore taken to indicate a fluorine bridged
structure, F4 Cl-F... AsF5 . (Bending vibrations were at 586 and 514 cm"1 in the com-
plex.) From ccrrelations of the He~miet a constants for a number of fluoro salts and
the apparent shift of the AsF 6 - band an estimate of 20% ionic character was made for
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ClF.5 AsFq ý386). The oslculated eleotronegativitiei of some of the fluoro species
were: N2F , 2.05; 1 Hr, + .5; UF14 +, 2.2; AsF5 , 5.2. (On this scale the O4+ ion was
1.76. ) Although CIF4 ý and NF 0+ have about the same eleotronegativity, the latter
was judged to give a more ionlo salt with AsF 6 ", because it does not have available
orbitals to enter into fluorine bridging as the ClF+ does.

NM studies also gave evidence for the covalent and ionic forms
FSAs +-_ CIF4+AsF 6 - and F5 As *-- ClF4 -F-AsFS in addition to the 1:1 complex, but
no evidence for the free CIF 4 + ion (40e). These studies included solid samples at
-80O and 25*, solutions in BrF5 (changes with aging in these solutions were attributed
to precipitation of the more ionic forms) and the gases. No reference standards were
used unfortunately.

A few reactions have been attempted with the ClF4 SbF6 salt or the ClFS*AslF
complex as sumnarized in Table XVII.

TABLE XVII

REACTIONS OF ClF5 - LEWIS ACID COMPLEXES

Additional reactions of ClF .Lewis acid complexes which have been attempted include:

ClF4bF~+ ~ 2000
CIF4SbF6 + NF5- NF3, ClF5 solid with SbF5:ClF5 > 1 339

ClF4SbF6 + OF2  -500 psig some 02•, F2 , ClF5  339
18 hr.

Cl)4SbF6 + N202 750 to 2150* ) Cl(VflclF, ClF3, ClF5, 342

02, NasbT.6*

ClF5 .AsFS + H20(s) "0 CIF5, AsF 3 O, HF 420a

ClF5'AsF5 + N203 -234 NOAsF6(?), NO-_AsF 6 , C12 420a

ClFý9 .AsFS + K 250 420aCl~'Ass KN -p OlF5 , K+AsF 5 N0O'(?) •~

OIFS.AsFS + KN0 3/HF -23L_- FKF•, N12AsF 6 , C10 2 , C102F, Cl0 3 F 420a

CIF5 'AsF5 + (CF300)20 - exploded 420a
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VII-0. Chlorine Trifluoriie and Derivatives

The chemistry of C1F3 has not bean extended appreciably since the previous
review (284a). A publination by Christe and Pavlath (LU12) gives evidence that the
ClF,-AsFS reaction product is ClF2 +AsF6", but infrared assignments in this paper have
been retracted by Christe and Sawodny (,115) who observed new bands in C1F 2AsP 6 and
CIF2 BF4 at -1960. The melting point of ClFSbF6 has been established as 2P5 - 228*
(342). Christe, Sawodny and Guertin have concluded from analysis of vibrational
spectra (LIIS) that the 0IFP- ion (L109, 1.110) is linear. A paper by Chris-e and
Guertin on spectra of salts of the C1F4 - ion has also appeared (Llll).

Electrical conductivity measurements on a solution containing ClFS, BrF.5 and
BF3 show (138) that it is an excellent conductor (7.6 x 10-3 ohm"1 cm"I) at -60*., On
the other hand, combination of ClF3 with BrFS and AsF5 gave a white sparingly soluble
salt at -400 (77). Conductivity data on the ClF-KN0• system were inconclusive, re-
garding the presence of ions, but no evidence for ions was observed with the CIF3-N 2 04
system (301). Conductivity measurements on the systems ClF3-1F5 or Cllt-Cls did not
give evidence of any ions while the system ClF3 -ClO 3 F-CsF appeared to have the ions (337)
ClF+Cs?2- thought to be present in CIF3 -CsF mixture. The conductivity of BrFS was
not changed significantly by the addition of ClF3 (337). The mixture ClF3.2BrF5 .BrF 3
was successfully gelled with Ba(SbF6 )2 (302) in studies of potential incendiary agents.

A number of reactions of ClF3 which have been studied are summarized in
Table XVIII.

The results of a number of recent studies of the reactions of the ClF3
derivatives, the ClF.+ and C1F4" ions are summarized in Table Xfl.

VII-D. Chlorine Trifluoride Oxide and Related Compounds

The numerous efforts to prepare higher chlorine fluoride oxides (i.e., in
addition to the well known C103F and CIO2F) have lead to the discovery at Rocketdyne
of chlorine trifluoride oxide, C1F30, (also called oxychlorinetrifluoride and given
the code name, Florox). Efforts to obtain CIF3i0 or C1F50 have not been successful,
but evidence has been obtained for an unstable FClO.

Discovery and properties: Chlorine trifluoride oxide was first detected in
early 1965 (420) as an unidentified product of the fluorination of C120 over CsF at
-80°. The C1F30 was evolved in low yields upon warming the residual solid. Positive
identification of ClF3O soon followed (420a), the boiling point and melting points
fiz:ed at 30 +50 C and -68 t+C,respectively, and the structure suggesbed to be Cs
symmetry on the basis of the infrared spectrum (absorption bands at 1220, 680, 490,
320 and 280 cm'-). The 19F NMR spectrum was a single broad resonance at • = -279 ppm
with either neat liquid or in CFC13 or C12 solutions at -880.
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TABLE XVIII

REACTIONS OF ClF3

Reactants Conditlions Results Reference

OFP./K 250, 48 hr., shaking KCIlF4 formed 79

(cF3 o)2o 250 N 80

OF2  140 - 1700 sF 2 02, 02, =1i1F2  80

X3O3F 25', 48 hr. small amounts, 8F2 02, CloF 80

KS0.F -780 012, C102F (no ClONF2) 122

Cs8o"F 700, 16 hr. (cP1o) 2 , 02, unchanged Cols 79

CIONO2 1500, 5500 psi, 18 hr. some ClI0F 80

OF2  100 - 4000, static or flow 0102F, Cl0o, Cl12 346

0F2 elec. disch., -150 or -785 CIF, 0102F, C10 3 F, C102, 346
impurities

OF2  elec. disch., -1960 as above plus some ClF5 , 346

02ClF3 r

0. -150o C102F, C103 F, C102 346

03 inconclusive 330

NO3-, N02- -110 to 3500 no NFO anions in product 333
or N202" 0.5 to 1200 atm.

CsN03 250 CsClF4 + CsF 333

OF2/CsClF4 200 - 3000, 680 atm. CIFS, C10 2F, C103F, 02, F2 336

0F2  CiFs 336

02 elec. disch., 250 CIFs, C102, C103F, C102F, 337
impurities + unident. mat.
abs. 6.2

OF2  2800, 1350 psig some Cl", O2 539,341

03 -78- C103F, C102F 339,341
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TABLE XV111 (Concluded)

Reactants Conditions Results Reference

03 (5% in 09) C?.Cl 2 , -78- =a'l mountG Clo 3F, Cl02F 340

03 (5% in 0L) -780 as above plus Clo 340

BiF3 ,F2  250, 1000 psi ClF6+BiF6 "? 276a

O0 attacked Kel-F IR cell rxn, 420a
vessel

HNF 2  fast rxn. on warming CIN1 + N2F4 + HP 420a

F2 .BF 3  -80*, slow ClNFP, etc. 420a

CsCIF4 0 OsClP4 + 0IF30 424

KC103 25", 16 hr. ClOeF + C1O2 420

H2 0 -18e to +25* trace Cl?0; HF, C102 425

C12 0 -500, NaF C102F + ClF (ClFO intermed.?) 423

N73 + F2 3d0e, 3000 psi, 65 hr. NF4+OCF6" ? 487
small amounts

F2 + BF3  ClF2 BF4  593a

Selec. disch., -1960 C102? 537
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TABLE XIX

REPCTIONS OF CIF2 + and ClF&" SALTS

References

ClF2 SbF 6 + OF2  200, 850 g > some ClF9, 02 and C12  339
20 hr.

CIF2 SbF 6 + X 2 IR 1250 0 sudden reaction 342
24 h~r. 30 mn. to 0lF), CIF

NaSbF6
-780./ClF 3

ClF2 SbF 6 + 03 , 7, small amounts CI03F, C102F from ClF3 341

CsCIF4 + Hr - >--- CsHF2 + C1F3 489

MCIF4 + H20 500 -750 psi h Cl0, Cl2 (no MClF2 O or FCIO) 423

CsClF4 + N202 300 P CsF, Nay, 02, C12  341

2000CsClF4 + NF3  h no rxn.

200-3000
CsClF4 + OF2  340-690 atm. > 02, F2 , C109F, Cl03F, ClFS, Cs 2 =i 6  336

CsCIF 4 + 02AsF6 -- + CsAsF6 + 02, Cl2  354

RbClF 4 + 02AsF 6 - > inconclusive 301

NOWCF 4 + OAsF6  CFC-3 N NOAsF 6 , ClF3 , NoF 301

C1F4- + NF2 0+ -4 no NF20ClF4 301

-800
HNF2 + RbMCF 4  " > , F4 , HF, etc. 420a

More recently, Rocketdyne scientists (434a) have resolved the NMR spectrum of gaseous
ClF3  into two peaks at -300 and -262 0 in a 1:2 intensity ratio,* but the best

* A recent Rocketdyne report (426) gives the gaseous resonances at -317 and -276 $.
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samples of liquid ClF3O still showed the collapsed singlet at -276 0. (H7 catalysis
of the fluorine exchange was considered the cause.)

Allied Chemical (81) has since prepared a purified sample of CIF30 and
found a melting point of -440 and a boiling point of 30,1, AHf of -7.06 kcal/mole,
entropy of 23.3 e.u., and vapor pressure in the range -23 to +19* described by the
equation log P. w 7.965-1543/T. RocketdyJne had previously (421) derived the equa-
tion: log Prm = 8.433-1680/T. The melting point was found at Allied to be quite
sensitive to small amounts of Cl0 2 F, accounting for the much higher value than previ-

ously observed. Most recently, Rocketdyne workers have reported (429,276c) that the
true melting point is -37.2 + 0.5C, and the density is 1.863 g/cm3 at 200, cowpared to
the more derse value reported (421) previously of 1.90 at 25.5'. The Allied group
also reported a more detailed infrared spectrum as follows: 1229-1225-1219 (Pa) m;
684, 675, 666 (sh.) all v.s.; 502-490-483 (P•) m; and 311 and 283. v.w. cm"1 . The
spectrum indicated, but did not prove that the structure was of Cs symmetry (a trig-
onal bipyramid derivative) with two apical fluorines and one fluorine and the oxygen
in the equatorial plane. The mass spectrum of ClF3O is (425) as follows:
CIFO+ > CIF20+ > Cl+ > F+ > MIF+ > CIO+ > 0+.

Rocketdyne reports that ClF3O is stable at 2840 (421), but reacts with
stainless steel to the extent that pyrolysis is an analytical method:
C1F3 0+-S.S. -- C12 + 02 + MF6 . The ClF3O decomposes above 300' to CIF and CIOýF
(423).

The C1F 3 O can be purified by pumping off Cl02 F, C10 3 F, ClF and some of
tne ClF3 at -950, and the remainder of the ClF3 can be removed at -80 with a small
loss of ClF3O (423). Others have reported (80) that C102F and C1F30 could not be com-
pletely separated at -78° and -95', nor by formation of the 1F or CsF complexes at
-78', followed by removal of volatiles at 50 and redissociation of the complexes at
170', i.e., ClF3O, C102F and C103F were recovered. Alternatively, CsF can (423) be
reacted with the ClF3 - ClF 0 mixture. The CsCiF4 0 redissociates at 150' while the
CsClF4 remains nonvolatile (422). The chromatographic purification of CIF3O using a
halocarbon column has also been described (429).

Synthesis studies: In the early studies at Rocketdyne (420) the reaction
of F2 with C12 0 at 125' had merely given ClF3 and C102F.* Thus, the nature of the CsF
complex (a colorless solid at 0° which dissociates to C120 at 25' (420a)) was considered
to be very important and a search was made for modifications or another C1-O reactant
which would give greater efficiency or safety in handling. The C120 (best prepared
(421) by the reaction of Cl2 with Hg0) is a serious explosion hazard for scale-up
studies. In mid-1965, Rocketdyne reported (421) that ClF30 could also be made by
fluorination of the CsF complex of ClON02. However, the best method then known for
making ClON02 was the reaction of C120 with N2 04 (424).

* Efforts to fluorinate C120 with F2 in CC1 4 solution at Allied Chemical (1960) 0)
and with OF2 and ultraviolet light at Imperial Chemical (1961) had also been un-
successful.
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Cesiuw fluoride was found (421) to absorb ClF3 0 at 251 to give the 1:1

salt Cs+ClF4 0" (422), althouih this salt redissociated on heating (421) to 150" (423).
While fluorination of the OaF complex of Cl0,* i.e.) 2 CsF3 CMo0 (423), gives mostly
free UIF30, fluorination of the OaF comiplex of CION02 yields CsoClV0 (348b),

The KF complex of C120 gave (422) up to 44% yields of ClF3O and the

work-up was easier since the KCIF4O dissociated appreciably at room temperature.
Some 0lFs0 was also formed in the fluorination of Cl10 plus ,aF (423) and HgC2 *C120
(383), the latter being generated in situ from HgO and Cl 2 and thus eliminating the
need for handling 0120. In early 1966, the direct reaction of C12 0 with F2 was found
(425,346b) to give ClF.0 according to the equation: C01o + 2•F 7 01FC30 + Cl1.

Allied onemical independently discovered (80) that reaction of C12 0 and
F2 for three days at -780 was preferable** to the use of the CaF complex. This reac-
tion waa first discovered at Picatinny Arsenal in 1964 (346), but the product was not
positively identified. On the other hand, wcrkers at Pennealt Chemical observed (342)
the formation of ClF3 O in the reaction of C1.O with P2 at 1560 or with OF2 at 1300.

By late 1966,Rocketdyne had prepared I lb. of ClF30 by the batch fluori-

nation of C120:

C120 +F. P 50*, 3 days 4 1iF3 O,GO% yield

Rocketdyne also found that the direct fluorination of ClON02 at -78* gave up to 80%
yield of CIFo (423). The development of Ln alternate route (405,L178) to ClONx to-
gether with. its more favorable handling properties may make •his the method of choice.
This route (429) consists of bhe reactions:

F2  l 3CIF + HNO03 or Pb(Nc3) 2 - Cl (N02 -5~-~01F

2-3 days

* The OsF-ClON0!ý complex completely dissociates at -780 upon prolonged vacuum. pump-

ing as also does the RbF-C½20 complex, but the CsF'I.5C120 does not (426). C12 0

also forms a complex with BF, which is unstable at room temperature (123). The
complex formed betwe.3n C120 and AsFs5 . reported in the literature to be CI2 OAsF 5
at -800 and ClQAsF 5 above -50", has been shcrn (425,424) to be Cl02 +AsF6 ". The
Infrared spectrum showed C102+ at 1283 db. ard 31040 w. ePnd the A3F 6 " at 690
cm- 1 .

** At 0', howpver, only C102 F and C103 F were obtained.
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Rocketdyne workers have reported (346b) the possible detection of ClFO

as an unstable by-product while working up mixtures containing ClF3O. The low tem-
perature infrared spectrum (-196*) showed bands at 1260, 1225 and 645-630-1i0 nm-1
and a possible band at 490 cm"I deduced from an overtone at 930 cm"I. The new species
was partially trapped at -i42* or -160*. The same compound was apparently observed by
Lawless (276a) as a very volatile (partially trapped at -1360) glass-reactive product
from the reaction of 02 F2 with NaClG• at -160*. A tentative IR band at 1i58 cm,- was
reported for the gas, but the possibility of C-F impurities from Kel-F grease was not
eliminated.

Reactions: In addition to its reaction as a strong oxidizer and its

reaction as a Lewis acid with fluoride ion to give the CIF4 0 ion, ClF30 also acts
as a fluoride donor toward strong Lewis acids to form ClF2 O+ ions. The acid base be-
havior, then is analogous to that of the isoelectr~nic molecule SF 4 which
forms SF 5 - and SF 3 + ions. The ClF3 0 - AsF 5 reaction product is nonvolatile at 50'
(381) and can be assumed to have the ionic ftructure ClF2 0+AsF 6 -. The C1F3 0 - BF3product, which forms more rapidly (20 min.) at -800 than the analogous CIF3 or C10 2 F
products,* was reported to sublime slowly at 1000 !ýenr vacuum (381) and to have a
dissociation pressure of 20 mm. at room temperature (424r), The ClF3 O - FF5 complex
has a slightly higher dissociation pressure than the BF 3 cofhplex. A sample of
ClF3 0.PFF was sublimed onto the window of a low temperature infrared cell (424).
Bands attributed to PF6- were observed and two other strong bands at 1315 cm'] and
1465 cm-1 were iuggestive of C102+ (from C12F impurities) and a CIF2 0+ ion respec-
tively, but assignments could not be made with certainty. (At this low temperature
the Cl=O bands of solid C1GaF and CIFPO were observed at 1280 cm- 1 and 1250 cm-1
respectively.) Silicon tetrafluoride formed a complex 2C1F0O.SiF 4 of high (340 ms.
at 250) dissoc.ation pressure, but the infrared spectrtu of a sublimed sample showed
only the starting materials. From the vapor pressure equation, log Pro = 7.75 -
1545/T, (-80 to +140C) a heat of reaction of -2 kcal/mole was calculated.

Complexeg are also formed between ClF3 O and NVF (421) and NOF (424).
From the dissociation pressure of the NOF.0CF 3 0, log Prm = 8.47 - 1625/T (-80* 6o
0"C) (i.e., about 1 atm. at 250), a heat of reaction of -5 kcal/mole was calculated.
A 1 9F WMR study of this complex from -77* to 26* showed only a broad line 40 ppm
downfield from CIF 0, i.e., about,-316 0. An infrared study showed only the starting
materials at 25*, ýut at -196* the complex showed a broad band in the Cl-F region, a
Cl=0 stretch at 1230 cm-1 and a N=0 stretch at 2050 cm- 1 . At this low temperature
CIF3 0 has C0-F and C1=0 stretches at 685 and 1250 cm- 1 , respectivwly and NOF has an
N=0 stretch at 1990 cm- 1 (compared to 1850 cm-1 at 25*). No N-F ýitretch was ob-
served in either the complex or in NOF at -196*, (normally 765 cm-.L at 25*). The
structure of the NOF.ClF 3 0 complex is thus uncertain. The NMIv data indicate fluorine
exchange between N and Cl, buz very little contribution from CIF4 0" (424). In 2act,
a tendency toward the formation of CIF2 0+NF2 0- is indicated, but the transfer may be

* Thus CIF3 0 is a stronger fluoride donor than CIF3 or CIG2F. This method can be
used as a basis of purification, the ClF3 0 regenerated by displacement with
"NaF.
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incomplet6. The IR data probably indicate the presence of bridged fluorine %2C10-
F---NMO and ON-F---CIFz as well as the presence of fluorine bridging in solid NOF
alone.

A number of other studies of the reactions of CIF30 are sizmuarized in
Table XX.

TABLE XX

REACTIONS OF CIF30

Re-actants Conditions Results Reference

ClF3  no adduct 81

NF3 0 no adduct 81

N2F 4  -78* or 250 NO2F + NOF 81

N02? 0102F, 17OC10 4 or N02C104 81

NO2  as with N02F 81

NaCI02 -196 to -20* C1O2 , NaF; one explosion 81

CF2 =C-CF2 explosion 81

N2 F4  -80 to +8O0 no rxn. 421

KrF2 no CIF50 424

C120 25', 3 days C102F, some ClF 422

SO2  -80 to +45' CIO2F, SF 2 0, some SF2 02, 422
possibly some SF 4 (S05F) 2

BrF3 , BrF5  25* no rxn., misc. 422,426

3r2  -30* to 250 some C102?, C12; no BrF3  422

N2 F4  250 no rxn. 425

N2 F4  1000 v. slow rxn. 425

NF5  1300, 65 hr. some NF3 0, N02?, NO?, ClF 425

C12 71-2000 C102F, Cl?3 at low temp.; 02, 425
ClF at higher temp.

02 -1.96 to 25' no rxn. 423
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Alternate synthesis approaches: A host of other synthesis routes to CIF30

(and/or CIFsO2 or 01F5 '0) have been attempted since the previoiis review (284a) and a
number of these have led to CIF3 0. However, the successful methods have generally
given low yields or are not suited to scale-up. A number of the successful methods
are summarized in Table KXX.

TABLE XXOI

ALTEMIATE ROUTES TO CIF3 0

References
C120 + F2 elec. disch. ) 45% CiF5 , some i1F3, ClF3 0, C10 2 F 366b,424

Ni'aCl0 2 + F2 -196t or -78c CI2F, NaF, C12, (>2, traces CIF 3 0, ClIFO 424-"exothermic(?

ClF3 + OF2  2N Cl02 F, CI10+BF4 ", SiF4 , plus some CI03 F, C102 and 276a
Pyex apparertly ClF.O and ClF2 0+BF4-.

"ClF + OF2  1500 • CIF3 , + 2% ClF3 0 (CsF had no effect) 80
18 hr., 5500 psi

C12 + OF2  1 5 - CF3, ClF, Cl0 2 F, traces ClF3O 80CI2 OF218 hr., 5500 psi

C102F + C1F 5  h ClF30 426a

C10 3 F + ClF5  h IF•0 426a

C10 2 F + Ci,0FO 2 hv 0F036

C102 F + BrF. hLL_ some CiF30 346a

ClC2 F h 86% C1F 3 0 346a

-010F , ClF3 0 346a

CI0 2 F + F2 _ CIF.0 + CIF5  346a.

C120 + F 2  1 ClF3 O 342

C12 0 + F2  b CIF3 0 342
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A number of efforts to produce new Cl-F-0 compounds which gave negative or
inconclusive results are summarized in Table XXII. Evidence has been obtained for an
unstable CIFO (346b), but CIF5 0 has not been prepared.

TABLE XXII

OTHER TFFORTS TO PRODUCE NEW Cl-F-O CC!POUDS

Reactants Conditions Result Reference

Cl?5 + metal or usually C102F or C1O3 F see Table XVI
metalloid oxides,
oxygen, or ozone

CIF5 + H20 or hydrates usually CI02F or CO03 ? see Table XVI

CIF5 t various agents see Table XVI

CsF-ClO2 F complex + 250, 2900 psi some ClFc, C103F, ClO0F 75
112

NaC012 + Br 5  -500°, then AsF 5  some C12 + solid 75

at -200

solid from NaClO2 CsF, -20 C10 2 F (25%), no FCO1 75
above

LiCl0 4 + ClF5  -780 C12 07 (4%) + trace unk. 76
w/IR similar to C120 7  77
and Cl0 3 0F, mass spec.

similar to Cl03 F, and
19F resonance at -369
(unk. + H20 gave C10 3 F
and F-)

C10 2 F + PtP, 25° C102tF6 , CIF5 , C103F, Q2PtF 6 ? 79
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TABLE XXXIi (Continued)

Reactants Conditions Result Rorenoe

C12 0 + PtP 6  250 ClO2PtFP6 Cle, CO 79

CsF'IC2 0 + 2S solidas Cll2 02 79
PtFs

C120 + ClF3  25s C1s, C12, 02 79
+ ptF6

KC103 + 48% evap. no rxn. to KCIP20 79
aq. 1-'!

ClOS02F + F2  -780, 5 days some OF202 and Cl02 19

CsSO3 F + C1F3 25 or 170' SF20a, Cl0 2F, CsCIF2 - 4  79

I90F + 01F3 2-50 no rxn. 79

K303F + ClF3  140"170° SF 2 02, 02s K0F 2 .-4  79

C10 3 F + PtF6 250 No rxn. 79

C106F + rrF6  5 No rxn. 79
C12 0 + IrF 6  250 ClO1IrF 6 ? 79

lqg(Cl04)2 + XT', "196' No rxrn. (no C103 0F) 89P2
LiClO + F2  Low temp. C1c2F, ClO3 F, possibly 346

C.F3. 50
0o + ClFx -150, ClO 2F, Cl0 3 F, clO1 346

C1F5 + OF2  1000-400, static and Cl-F-O mixtures 346
flow systems

ClF3 + OF2  elec. disch., -15, -78 Cl-F-O mixtures 346
and -196*

CIF5 + 02. elec. disch. (static and Apparently small amounts 346
flow) Clr 3 O

CIFS(s) + elec. disch., -196- Apparently small amounts 346
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TABLE XXXC (ContiAued)

Reaotants Conditions Result Reference

CuF + C120 + C12 + unident. solid 123

ClON02 + ClFs -780 mostly Ci0g some CL02P 123

ClON• + NF3 0 -786 No rxn. 123

OF2 + CiF -160 to -198* No rxn. ind±oated by v.p. 333
and elec. cond. measurements

CsC1F, 4 (,F2  175-300., 680 a&tm. 02, F2Cl1, Cl03, some ClF5 334,336

P2+ ClF3  ClF3  336

OF2 + C1% 2800, 13o50 pig ci, F2, ClF5  339

O02 + C301 2000 Os?, c 02s C2, some ICF, CI2F 339

0F2 + C102? 250", 825 psig some dec. of OF2 + formation 339
of ClQF

OF2 + CI0 3F 200, 1110 psig, No rxn. 339
20 hr.

OF2 + 0102 1100 C1Ys, 0103F, C102F 340

NF3 + 0102 1100 No rxn. 340

CF30CI + F2  -. ° CF30F (no Clo) 356

O2 AsF6 + Cs01F4  0' 020 C12, CsAsF6 35

C12-02AsF6  -78o, 5 days ClO2 , C12, 02, unident. solid 356
complex + F2

C12 -0 2 AsF 6  higher press. than above 02, C12, C1OF, C102 357

complex + F2

C12 + 6F2 + 02 elec. disch., -800 C102, C102F, C103F, ClF3, 420a

ClF5 + NOF compounds'

C102F + C102 elec. disch., -1960 C10 3 F, (Cl0• unaffected) 420a
+ F.

HNF + C103 0F NOF, COlOF, some %IF4 , NOKF, C12 420a
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¶ABLE XXTI (Continued)

Rer'.otants. Conditioa-s Result Refer_ e.nn~e

NOF 25 b0VF, C10F, (C202 w/e*0sa 4204
07.7%) + ulk. w/IR abs. at5,8 db.) 7.2 11r,$ 8.4,

9.7 PQR

0120 + CllF -50', N! C100F + CUP 423

C120 + AgP2  fltw system -76' Cl021, C12  424
to 100'

CsCIF4O + Fr 50-1600, 750-1200 C11F3 0 recovered 042
po, 16 hr.

ClF3 0 + P2  70 to .84 ° no Cl05 3 42).

Clr 3O + '1P -80C to +60' no rxn. to CIPO 421

01F3 0 + KrF- no CIF5O 4 3.

Ca(oc.) 2 + FP -80. ClCai, C103F 423

C12C0 + CF2(OF)P -600, 1S days dec. of C120 425

C102 + F2 explosive rxn. to ClF3 , 425
C102F, (+02 with exce&s
,P2 or C12 with excess Cl02)

CsF + l0O0 -2S' or -45' ao obvious complex 425

KC1O4 + F2 CI02F + C!03F 424
MCIF4 + H2 0 MHP2, Cloe, C12, CiFO, 425,426

MlF4 " H2 0 4

CI'F3 0 + H20 -16 to +250 HF, C102, trace CIFo 425

CIF 3 + 02 elec. disch., -106- Cl0. 532a

CIF + 02 r.f. disch., 4°K C12 , 02, F2 532&

CIF5 + Ar 0 35 hv (filtered), 40 K unident. cpd; possibly CIF5 0, 532a
which dec. on warming to

CIF3 , (72 (IR bands at 1220,
1210, 664, 657, 646 cm"I)
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TABLE XXTI (Concluded)

Reactanta Conditions Result Reference

CIF 3 + Ar + 0s 4K1C unident. opd. (possibly 0201F 3  535b

of (284a)). IR bands at
1026, 751, 6'75, 668 Qm"I

ClF3 + Ar + 02 41K as with 05 above 535b

ClF + Ar + 03 hv, 40K ClOF, ClFO r3Kb

ClnF% + 02, 03 hv no evidence of desired product 535b

or C102

C12 0-CsF + Clf 5  no CIF30 123

ClO(Asr,6 + F2 250 no rxn. 424

VIX-E. Miscellaneous Halogen Compounds

Ifei halogen fluorides: Attempts to generate F2 Cl-ClF2 by u.v. irradiation
of C12 and F2 in argon at 40 K led only to C1F3 and CiF upon warming (535b). The
pressure-temperature relation of the ClF5 -F 2 (1:9) system was studied up to 440 and
43,800 psi and was essentially linear (119).

Purification of BrF5 can be accomplished by storing it over EF at 25* (386)
or NaF at l00* followed by distillation (78). The complex formed with CsF, i.e.,
CsBrF6 decomposed only at 320* with extensive decomposition of the BrF5 .

No evidence wa,8 observed for the conversion of solid BrF5 (-196*) to BrF7

upon exposure to excited FV from an electric discharge (420,420a). Again BrF 7 was
not produced when a BrF5 -F 2 mixture was radiated with u.v. light at -40* to -60*
(346a). Similar negative results had been obtained in efforts to react F2 with BrF5
or CsBrF6 with heat and pressure. In another study (77) no BrF7 was observed after

fluorination of BrF5 over CsF at 2500 and 1700 psi for 16 hr. Extensive efforts to
prepare BrF7 by fluorination of BrF5 at very high pressures and temperatures (up to
48,800 psi at 5080 c) or under radiation at 250, or of CsBrF6 (at 4000, and 6630 psi)
gave inconclusive results (118-120),

An effort to react BrF5 with Cl030F to give BrF6 +Cl04 resulted only in
partial degradation of C1030F to Cl03F (421). The complex BrF3 'BF 3 has been shown
(138) to be in the ionic form BrF2 +BF 4 - by its high electrical conductivity in BrF3

and the presence of the BF 4 - band (1020 - 1000 cm"l) in the infrared spectrum. It
melts at 1800 with decomposition. The complex N02F.BrF3 has also been characterized
as an ionic material N02 BrF4 (426). It melts at 270, has a dissociation pressure of

1 atm. at 450 and a AH dissociation of 11.7 kcal/mole. The infrared spectrum of

N02BrF 4 shows the NO-+ band at 2385 cmnl and the BrF4 band at 665 cm" (346a).
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The vapor pressure of I7? is described (426a) by the equationt log P. "

7.6939-1356.6/T. The mass spetrum of 177 shows the XF7÷ peak an the most intense
and no parent peak is observed (346%).

Halogen fluoride oxideus Studies of chloryl fluoride and perchloryl
fluoride have not lead to new compounds of interest except, as noted previously, they
have been photochemically converted to C1F30. The 15PF NR of C102F has been more
firmly established by independent observations of the resonance at -329 0 (78) and
-321 0 (420a). The results of a number of studies of Cl0F reactions are sumnarized
in Table XXIII and of a few studies of C103F in Table XXV.

No reaction was observed when either BrP5 or IFs was held at 250 and 100
atm. with an 02 - F2 mixture for 8 weeks (555). The reaction of BrF 3 with 03 in the
range -196 to -95" gave an unidentified compound which decomposed at -35' (530).
Fluorination of the complex CsF.Br2 0 has not yielded Br? 5 0 or BrF5 0 (421), nor did
fluorination of BrON02 which appeared to give a complex of the type NT02F.BrFXO (425).
An attempt to prepare Br02NF0 by reaction of BrNF2 with 03 in CFC1 3 at -78" was ap-
parently unsuccessful (123).

Studies on the compound reported in the literature as being IF3O have
shown it to be in the ionic form 02+IFS" (420a). The 19F MIR of the IF6- ion was
established at -18 0 (420a).

The vapor pressure and mass spectrum of IF5 0 has been determined (346a).
A parent IF50+ peak is observed at an intensity of 32 compared to IF4+ at 100. The
IF50 did not enter into acid-base reactions with either CsF or AsFs. Efforts to
convert IF50 to IF30 or IF3 02 by pyrolysis or reaction with SiO2 were unsuccessful.
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•, TA BL E XX 2 .'C

RPACITIONS OF 0102F

Reactant Conditions R~euult Referencu

COF -22', 3 hr. 50%, CIOgF aboorbed, unident, 75
oomponent in product by
X-ray

CsFr-C0 2 1 80-1000 C102F evolved 75
"complex"

CsF -22'p 19 hr.; 25W, 82% C01V absorbed, couldn't 76
72 hr. obtain IR of Rolid or 19 F

MM in C1O1F (liq.)

CaF HP no NM evidence of rxn.; 77
don't see ClI0F, but see
Hr exchanging

CsF, CIFp it it t " It 77

CsF ,250, 4 hr., shaking; Cs/F/Cl ratio of 1:5.4:2.3 in 77
and 16 hr., static solid

N02F -200 no NMR evidence of interaction 78
(see ClI0F at -329 and NWF
at -390)

PtF6  250 ClF5 , Cl+•PtF 6 -, CI 3 F, 9tF 6 ? 79

IrF 6  250 Cl 2 IrF 6 ? 80

NOF -780 "wet" solid with v.p. of 15 mm. 337
at -78'; solid gave two liq.
phases at -20 to -1.50

OF2  2500, 825 psig some dec. of OF2 and forma- 339
tion of C10 3 F

1t-N 2 F2  -78° to 25° no rxn. 340

"-|P2 as ClBF4 , -801 Deflagration; imident. prod. 420a
w/IR abs. at 7.6 & 7.7

CIF liq. equilibrium amt. CiFO? 424
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TABLE X7111 (Conaluded)

=Cactant onditicola ieoWnst

P2 leo. diach. ClJs5, C1F3 # Ciro C1l7, 517 40
r2 u.v., 700 o0, 260 07', ol7s (trace C1 ch0?) 425

TABrU XXZV

STT1DTM F.S C105F

I~elactant Conditions Reuult Reference

Sb1I 530 no roaotion noted by elec. cond. 337.b7 5  1 hr. each at: 250, no reacc.iun detected by WR 75
7000; 100o, 8900;

200I, 11,300 psi

w(l3/W.c no reaction noted by elec. cond. 337
Csi' 25, 5 hr. or 2000 no reaction 

77
3200 psi, 6 hr.

l. + CSF 2000, 5900 psi, 10 hr. some P absorbed which did not 77
revolav;ilize at 5000. Solid
containec Cs:Cl:F ratio of
2.2:1:3

-m w./w.o. CsF 200", 6400 psi, 15 hr. inconsistent results, apparently 78
rxn. w/equipent

"itF6  25i no reaction 
60

MP3 475*, 18 hr. no reaction 339
j t-2F2  -78° to 250 no reaction 

340
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CHAPT•R V711

CXYGEN FLUORIDES. 0-F DERIVATIVES AND MXSCMLLAUEOUR FLUORINATIOM_

VI,•-A. Ox~ygen Fluorides and Derivatives

The structures of the oxygen fluorides have been studied extensivel. during
the last few years and referenoes to many recent publications are in the bibliography.
The existence of the 02F. radical in liquid OP2 after exposure to light, and in all
of the higher oxygen fluorides has been well demonstrated. It is, of course, iso-
electronic with the known 05- ion which forms stable salta. The existence of 0gg
as a separate entity has become very doubtful except possibly as a very unstable
material.

The reaction chemistry of OF2 , PF2 , the C-OF com~pounds and the 02+ salts
have been studied at length. The results of most of these studies are summaurized in
Table XKC.

TABIS XXV

ST(DIES OF O0YGEN FMUORILES AID D'ERIVATIVES

Reactants Conditions Result Reference

liq. 0>-0 2 -OF 2  4.5% OF2  miscible and stabilized 72,73

liq. 03 + OF2  v.p. measurements nonideal soln. 262

OF2, + C02 + CsF -80* to 1000 no rxn. 75

1800 OF3 OF 75

OF2 + (CF3 )2 C0 -50. slow rxn. to CF4 , CF3 CFO 75

OF2 + CFp0 + MF 250 w/CsF, RbF or hT (CF3 0) 2 0 76

OF2 + SF4 + CsF 250 SF6 , SF 2 0p, some unident. cpd. 76

OF2 + CF3 CN + 1400 only C2F 6 , CF3CFO, COp 76
CsF

0F2 + CsSO2F no rxn. 27

UFp + SF202 1080 no rxn. 27
+ CsF
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TABLE MX (Cohtxiued)

ReaOt*a~t Conditims ~ 1lzeiu.t ese

OF2 + SF2 0 + 1400 no ryn (truces Speop 7

car fmed at ~~

0%2 + S40 + -76' to 1000 n?, 1'=. axcel't. to: form 7

OF2 + r 4 + CaF 25 0I* 81'2 02, S00ý 77 j

Opp + OSSFS nio rxn. 7,7 1
*SF 5 OF + O1-20 2590, F CFrF COSIF5 0, CsCF3 O 7 7

OF3 0F + SF4 0' 1000, Csp no r~i. 77

CF2 (OF)e + SF4,O e1sF SF 2OýR,ý %JFF, (cF3 o) 2  78

0%- + s FA- 25",K no rxn., 78

OF2 + SF 4 0 1750, la.F SF02' 02 78

CF2 (OF) 2 + C s FO c ) 8

* CF2 (OF) 2 + FýC) 250, CsF (PF3 0)2 0, CF39F, 02 78

* CF'2 (OF)2 + CF 0 25",'F C-C cle&.age 78
CF3CFO

OF2 + CF3CFO 1150, NkuS no rxn. 78

OF2 + CF3CFO 2750, NaF CF2 1, 02 7

CF3OF, + CO 1000, 1G hr. CF300FO 78

SF5OF, + CO 950 SFAO F0 FC 78

SF5O + O hv 0 o 35 SF0, CF2 O-, SF6, C02 7

02F50F + CO 1001, CF4 + UF20 78

OF2 + CF3CFO 25', CaF C2FSOOF (5%) 79

OF2 + F2 + C02 CsF CF2(OF)2  79
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TABLE XXV (Continued)

Reactants Conditions Res.ult Reference

0%+ SF4, CSP, C014 SF 6 , 87 2 02 79

OF2 + S02 CSF, C=1 4  SF2 0, unk. abs. 14 14 79

OF2 + CIF3 F KF 250, 48 hr. KCIF 4  79L

OF2+ MF. ITF2  CF01 3  explosions on warming 79

OF2 + CsN3  -1.96 to -40", 20 hr. dark blue solid (reactants 79

exeplude if warmed too
rapidly)

OF2 + CIF (w/wo 1500, 5500 psi, 18 hr. ClF3 and 2% CIF3 O 80
CsF)

OF2 + Cl2- (w/wo 1500, 5500 psi, 18 hr. 01F3 , CIF, CI02F, trace 80
CSF) clFyo

OF2 + C120 1500, 5500 psi, 18 hr. CIFS, C102F 80

OF2 "' C193 150°, 5500 psi, 18 hr. some C10 2 F 80

CFOi * N'1'2CFO CF3 ONF3 (38%) 259

i"F2 + (NaOO).O.. -l1l' C04 CF2•O, C2 264

F 2 /O-F + " -183o, 1 wk. sl. rxn. as above 264

':2 F2 + C6F 6  -1850 vigorous rxn.; explosive 264

solid

03 F2 + NaOH -183, 24 hr. v. little rxn. 264

S03 F2 + NaNO3  -183, 24 hr. v. little rxn. 264

0F2 + 1laNO2 -183, 24 hr. v. little rxn. 264

03F2 + Ca or Mg no rxn. 264

03 F2 + Li, Na or K react smoothly 264

02 F2 + SO2  SF202, 02; side rxn. to 266
FSO2OF and FSO2OOF

02 F2 + SF2 0 -160 SF40 266
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TALE )OCV (Continued)

Reactants Conditions Result Referenc~e

02ASF6 + CsClP4  00 02, 012, V~AsF 6  554.

O.AsF6 + NO2C1O4 ITO? TNO2ABF6  C103F, C3L2 0r 355
(dec. to ClG%, 02) Clp

at 250)

02 AsF6 + CsCiU 4  IF5 01l206s etc. 355

Q2AsF6 + CsC1F 4  -78" (soiids) 3-1 ratio Cl.,:02 3-55

O2AsF6 *ý CSBrF4  -780 V2. 02J Brp, SiF4  355

O2AsF 6 + 012  -78' purple 1:1 complex 5

O2 AsF6-Cl, + F2  -78- ClqF, 0102, Cl 2 , 02 355

O2A3F 6*Cl2 + NOC1 02, trace N02OF, NQPAsF6? 31

CF2OF) + 2F4 no -OLT2 cpds. 405

CF2(OF.)2 + KF-HJ1 2  CF2(ONF2)2  405

CF2(OF) + extens. rearrarig. to CF4, 436
CsCF(0F3 )20 (CF3)L2CFooCF3 and ex-

pl~sive oxides

OF2 + CsCF(CFP3 )2 0 Ps wi'.h CF2(OF)2 above 436

OF2 + B:F7 hý., -196- 02 BF 4  47P

c2PtF6 + F2  620, 1 atm.,Tef'lon some C-F cpds. (no OF4) 532d

N20 + OF2  35Q0" 2700 psi, 4 hr. no r~xn., biut exploded on 532d
+ CSF cooling to 3150 to NF3,

7\T30, HNOý, unident.
products

OF2 + SbF5  -300 NM suggests 0F2 -SbF5  532d

OF2 + NAF elec. disch., -780 NF3,1 NO2 , SiF4  532a

OF2 + cis-N2JF 2  elec. disch., -780 112 F2 , cý 532a

OF2 + N2FAsF6  25-ll2* or HF, 250 no rxn. 532a,
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TABLE W0V (Continued)

Reactants, Conditions Result Reference

02 F2 + SF40 -1400 no rxn. 266

02 F2 + SP202  -160* no rxn. 266

02 F2 + NF 2  -130* N02 F 266

0F2 + HCF3  spark CF3 OF 284

OF2 + CH4 + N2  some NO20F 284

03F2 4- SbF5  deep purple explosive 301

solid

OF0 + BF3 , PF5 , liq. or gases v.p. studies show no 333

AsF 5 or SbF 5  interaction

OFP + BF3 , AsF 5  -160 to -196* elec. cond. shows no rxn. 333,335

or CIF

OF2 + AsF 5  2000, 130 atm., I wk. 02AsF6 (97%) 335

OF2 + AsF 5  250, 6 wk. only 3% Q2AsF 6  335

OFp + SbF 5  1500, 200 atm.,3 wk. 0SbFr (98%) 335

OF2 + BF3, no rxn. 335
PF5 or SiF4

OF2 + ClF3  2000 CIF5  336

OF2 + SbF 5 or IF 5 , 250 IF 5 .SbFs(or IF 5 .AsFs) 335
AsF5

OF2 + SbF5  2000, 760 psig, 16 hr. no rxn. 339

OF2 + SF 200" no rxn. 339

OF2 + CsClF4  ClF5  336,339

OF2 + CIF4 SbF 6  2000., 500 psig, 18 hr. some 0,, F2, C1F5 339
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'MBLE WU', (Conoluded)

Reactants Conditions Result Reference

OF2 + CsCl 200 CaSF.- 0L4 CIe, Cir, CloIpl 339

OF2 + U10 1100 clips, clOF, C'AF 340

0F2 + Cl20 130° CIF30 360

OF2 + cis-N2 'F2  -780 to 1500 some dec. of both 340

OF2 + Cl2 (or 259 no rxn. 340

cli')

OFR+ C12 (or cLF) 1500 ClF, (CIF3 ), C100F 340

O2AsFG + 0*, solid,, NW•.AsF6, 02 (C1206 dec.) 351

O2 AsF 6 + CsAsF6 + O•, F2 , Br2 352
CsBrF4

VIII-B. Miscellaneous Fluorinations

Table XXVI sumnarizes the results of a number of studies employing ele-
mental fluorine or CsF.

TABLE XXVI

MISCELLANEOUS FLUORINATIONS

Reactants Conditions Result Reference

liq. 03 /0 2 /F 2  8.5% F miscible and stabilized 72,73

CsCF3O + F2  -800 CF30F (quantatively) 75

CsCF(CF 3 )2 0 + F2 .80o CF3 0F + CF4  75

NOClF 4 + F2  high press. -45 to NF3 0, ClF5 , NO2F 75
3000

COS + F2/CsF -780 CF20 + SF6 76

N2 0 + F2 /CsF 2000, 12,000 psi,4 hr. no rxn. 76
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TABLE XXVI (Conoluded)

Reactants Conditions Result Reference

SF20 + COF 1300, 7 hr. no rxn. 76

SF2 0O + CsF -780 or -400t CV!3CN al. abs.0 unident. 19 F 78
peak at -51

PF3 0 + CsF 40*, 24 hr. some &bs. of ..Z'3O 77

PF3 0 + CsF -30, CH3 C1 inconclusive 78

SF 2 02 + OPF -78" no rxn. 78

CsNoa3 + F2  2000, 7100 psi, 4 hr. N730 NV2F 77

CsF + xOcl 250 CsCl 77

CsF + 012 250, 24 hr. CsFC1 2 ? 77

CsF + C02 25*, 120 psi, C30H Cs+CFC2?. 77

I'O3 + F2 -1960 no rxn. 89

CF3 N0 + F2  1250, AgF 2  (CF3 )2 NoCF.3  259

C12 "0cAsF6 + F2  -78' C103F, C102 , 012, 02 356,357

CF3 oC1 + F2  CF3 OF 356

CsF.FC(o)NF2 + F2  CF3OF, NF3  436
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APPENDIX A

MELTING POINTS, BOILING POINTS, DENSITIES
AND REFRACTIVE IN=EXES

II
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APPIMIX B

THMLOYNAEC PROPETES
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APPENDIX C

MASS, IINFRARED AND NUCLEAR MAGNETIC RESONANCE SPECTRA

133

CONFIDENTIAL



CONFIDENTIAL
TABLE XOCXC

MASS3, IMRAE AMW NULEAR MAGNETIC RNSONANE SPECTRA

I.. AgCell2 5O6  A6N( N0Q~)Q! QRN(N02 )2

IR: (3)

2. AsClF10 Ci5 'AT

IR: (385)
Mass:

3. WOF~O F3INO'AsF 5

IR:
Mass:
NMR: (386)

4.. AsF9N2  N21T3AsF6

IR: (357)

Mass-

5. AsF9N2  N2F4 :AsFS

I?: (352)
Mass:
DME: (35 2)

6. AsF10N NF4,ASF6

IR:
Mass:

NOM: (477)

'7. A84F,6N4O7  N407F2(AsF6 )4

IR: (137)
Mass:
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S. Asx1,4+5AN X211(A8113)x

XR: (353)
Mass:NM. (353)

9. A9xP4+5x(N N2 F4 (AsP 5 )x

ZR: (351)
Mass:

IR:(351)

F1 9 : .67

-95 3 broad resonances
-134

10. BDCP''s4 N 5 (No)

IR: (5) F
Mass:NK: (5) "N" "(a)

1 +NO2
HI: (a) 9.64 ppm, doublet

(b) 8.18 ppm, doublet

ii. BC5 AHN 304 2

IR:
Mass-

NMa (5) (a)

HI: (a) 8.62 PpM, doublet

(b) 8.17 ppm, doublet

12. BC 6 F4 H7 N4 04  N((6T02 )2

IR:
Mass:
NMR: (6)

+CH3 BF4 "
HI: v 3 , 5 = 7.55 ppm, v2,6 = 8.13 ppm/J 2 ,3 = 7.45 cps

13. BF6 NO NF3 0-BF3
complex

IR: (36)
Mass:
NMR:
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14. BrCF6N3  (NFg)30-Br

~t(142)
Mmas: (142)
NMRt (142)

15. BrC4?FH7NO2  (c0H)) 20Hooo•-

MR. (17)
Mass:

16. BrF4 WN02  ¶O2BrF4

IR: (426)
Masm:

17. Br6 C5 F4 H4N4 0 (CBr 3 CHN~1NN) 2 CO

IR: (274)
Nos:

18. CCsF 3O cs+ocF 3

IR: (75)
Mass:
DM.R (75)

F1 9 : +107.5 ppm, singlet, -OCF 3 '

19. CF2 H3 N CH3NF 2

IR: (232)
Mass: (232)

20. CF40 CF3 OF

Mass:
NMR: (284)

Fi 9 : 72.5 ppm, doublet, downfield- CFp
142 +10 ppm, quartet, downfield - OF
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Pi. C75N CONFIDENTIAL 0ýF

IRt (233)
MAN$, (m3)

22. 0FSN02  cF(OPNFo7 2

IR:. (368)

23. CF5N0682  CFr(N~F 2) (080 2P)2

IR: (440)
Mass:

24. CF5N2  (NF2 ),c.I~

IR: (115)
Mass:

25. CF6N60 oCF2(O]" 2 )2

IR: (293) ~- .2 cps-
Mass, (293) 0 - -F
N O't: (293) 

0N

F1 9: 126.6 ppm, broad, -ON~F2
66.2 ppm, pentet, >CF2

06. CF6N20;2  FgC(0NF2 )2

IR: (385)
Mass: (385)
NKvR: (385)

27. CF8N C (NF2 )4

IR:
Mass: (146&)

28. CF13WO2S2  *3F50CF20SF4INF2

IR: (405)
Mass: (405)
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29. C2C73~H22N2 CO FD NTA 1CH2 -8-NF 2

Masai
~NO: (292)

P19 -46.9 ppm
-2'1.4 ppm

30. CPC12 YF5N3 0 (F2 IN)2 CF-o-N-CCl 2

Maas-

F1 9 : -20.9 ppm, 4NF~2
116.3 ppm, ýICF

31. %C2 Cl2 F 4 0 FHN-jý-0-NmCC1 2
IN?2

Mass:
MM: (293)

F19 : -23.4 ppm, -NF2
137.5 ppm, -NHF

32. C2 ClpF6 N4O0 (F2 N) 3 C-o-N.CC1 2

IR. (2~3
Mass 293)

DNMR: (293)

F19 : -25.3 ppm, singlet, -N'2

33. C2 FpH4 N CH3 CN.HDJF2 (solid)
at -1600

IR: (232)
Mass:

34. C2F2PH4 N403  0 2 NHCONrIOH 2 NF 2

IR: (274)
Mass:
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33, aCF2 H6 172 02 S CH3 S02 NHCH 2 NF2

IR:. (274)
Mass:
NMR:

36. A2F4H6N4 02S F2NNPNHS0 2NHCi 2IF 2

IIh: (274)
Mass:
NMR:

37. C2 F4 N4  FN-CFN-N0F-NF

IR: (249)
Mass: (249)
NM,. (249)

F19 : -6.9 ppm, =NF
79.6 ppm, :CF

38. C2 F411 4 o 4/

IR: (299) 0-N=CF2Mass

39. C 'F4 0C CF -0F

IR: (294) C
Mass:-- •6- OF

Mas: (24
--r• R: (294) L6.0 cps

F19: -188.0 ppmi, quartet, oF
70.8 ppm, doublet, CF3

0

40. C2FSHmpo (F2N)0cFcH

IR: (294)
Mass: (294)
NMR: (294)

m1
F : 0.34 r, -C(,O)H

F19 : -22.6 ppm, -2
158.0 ppm, *CF
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41. CA•F N40 (r2N)2F-N-9-Ml

XR:
Mass:
mmR: (291.)

F1 9: -24.8 PPm, "NF2
74.2 ppm, ,:NF
132.2! ppm, CF

42. C2F5N5  ,IN
F2 N-C-N-N-CF

IR: (256)
Mass:
W~: (256)

9. N=NF2• -45.A ppm
FI9: C

/ ~N-Dk\ /F -9.1 ppm
Trans -11.4 ppm F ,VN

F 80.8 ppm

Cis -18.3 ppm F 'NF2 -41.2 pPM
\N.N \ PF -8.9 ppm

F 80.4 ppm
43. C•FH•o (NF2) C-NH-8-dH°

43 ?CF6H2N203  3
oN02

IR: (86)
Mass:Nn: (8 6) NNF

44. C2 F6 H2 N6 (F2 N)2 CF'--N-=8-%

IR: (251)
Mass:
NMR: (251)

H1 : 4.69 r, -NH2

F1 9 : -20.8 ppm, -NF2
+9.2 ppm, =NF
137.6 ppm, ýPF
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45. C21'6 2 CPS-2-•CFe

IR: (298)
Maui:
WO#t (296)

Fb9: 12.4 ppm, >NF
62.5 p1m, -CF3

112.5 ppm, >CF2

46. C2F6N40 V.2

'2~ _NFR
zh: (164) ZWOC.
Mass:
NMW:

47. C2FS116  NF F

IR: (255)
Mass:
NMM: (255)

F1 9 : Trans-Trans NF

F \mN\ 1  F -22.4 ppm

D2 -45.7 ppm

Cis-Trans -20.3 ppm F% ),F2 -41.4 ppm

-,F -9.3 ppm

2 -45.6 ppm

Cis-Cis F\ ,NF2 -41.2 PPm
N=C,,

"N=N\

NF2 F -19.1 ppm

48. C2 F6 04  FO-CF2-0-0-CF2-OF

IR: (403)
Mass:
DMvtR (403)(435)

F1 9 : -158 0, triplet, -OF
81 •, doublet, >CF 2
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48. 02 • 6 04 (Conoluded)

P -0 - -0

0

49. C2F7H 40 (F2N)3C-'''PF

IR:
Maus:
ia, (295)

F1 9 . -27.6 ppm, -NFg
+j..s ppm, -C(-0)F

F

50. C2 F7 NO (0F3)eNOF or (CF3)N--O

IR:
Mass:
YWR: (532a)

51. C2 FP7 N2 o F2PON

1R.. (292) F
Mass:

.MR: (292)

F1 9: -23.6 ppm, -NF2
9.6 ppmh, doublet of doublets, -C(-O)F
72.4 ppm, >1NF
132.9 ppm, ).CF

350 cps----

52. C2 F8N6  NF(F C)2F-11-N- -NF2

IR:
Mass: (249)
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53. C2F1 0!{2 x6 Op JMF2- O-VH

IR t NP2  L
mass.,

We: (296)

P1 9 : -2P.2 pp 1 9~2
+138.6 ppm, -NKtF

54. C2F,0H4N18  '2 5P2

IR: h'2 fW2Mass:
NKR: (291)

* ~j.l: 4.3 T~, singlet, >NH
0.8 r, doublet, -NHF

F19: -21.3 ppm, doublet, -NF2

55. C'010N0 2  (F2N)-3CooC ('2 )3

Mass:
NMR: (296)

F19: -25.2 PPM, -C(NiF 2)3

56. C2H4L=D404  LiX(N02 )CH2ClkN(Noep)

IR: (4)
Mass:
NMR:

57. C3ClFH5NO2  FIN(CJ.)co 2C2H5

IR: (1a)
Mass:

58. 03 ClF5 H0,N30 CC{-~~OH

IR: 2-0. 2
Mass:
IMR: (293)

F1 9: -21.5 ppm, -NP2
141.3 ppm, -MU
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59. C3 CaP1F 8 N3 0 

CC0CN-o0-(ICF2)

IR: (293)
Mass:
NO. (2 93)

HI: 5.40 r, triplet, -CH2O-

6.29 r, triplet, ClCHe-

pl9: -23.1 ppmi,-NP2

60. c3FFa2HK2  
coC oH(o)cXai2

IR, (074)
Mass:

61. C3F4HA 5os 
F2N..N(N2 'CO' NO..2')""2

IR: (274)
Mass:

me'!: (274,

Hil: Triplet centered at 3.1 T, T 16 cps

62. C3?4H5N5O~ 
%N6IN )CON 6 F

IR: (274)
Mass:
DM: (274)

Hl: Triplet 4.55 " (J = 18 cps)

3.45 r (J -18 cps)

Broad singlet 1.74 T (NH)

F19: Triplet at -52.5 6 (J 18 cps)

63. C3F4 H4 N4 0 FN H

IR: (274)
Mass:
NKR: (274)

H1 : Triplet at 4.59 r, J = 18 cps (OH) each peak split by 
14N J - 1.8 cpS

Broad singlet at 2.12 T (NH)

F19: Triplet at -31.6 8, 3 - 15 cps
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64-. C3 AHN4O F2 N mOOM

IR: (274)
mass:

65. C3 4 6 ' 6 4
CH2N(Ci2NP2 )Nc021

IR: (274)
Mass:

66. C3F4H7N3O2S O 3SCO(CHNF02 )

IR: (274)
Mass:
NKR:

67. C3FAHN 902  MH-Y-0-CIf2-8-NI'1 2

IR:
Mass:
NIVI: (85c)

F19: -21.0 ppm, -NF2
142.6 ppm, -N~HF

NF 0 NB'

68. C3F6H2N60 NB'2-c -- c-N--F

IR: (86)
Mass:
NMR: (86)

69. C FH51'N0 HO-%H-CH2-O-C(INF2 )3

IR: (294)
Mass:
NMR: (294)

H': 5.49 'r, triplet, -CH2-0-C~l
6.10 'r, triplet, - CH20H
5.97 r, -OH

r19: -23.3 ppm, -NF2
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"70. 5F8 61 4  N((CH 2NP)3

IR: (274)
Mass:
INMR: (274)

Hl:. 5.43 -r, triplet, J - 24 cps

F19: -42.7 8, triplet, J - 24 cps
0

71. C3F603  CF3 CF2 -0-0-8-F

"IR: (296)
Mass: (296)
MMvtR: (296)

F1 9 : 33 ppm, -C(-O)F
83.0 pPM, -CF3
95.8 ppm, >CF2

S• • 0

72. C3 P603  CF3-C-00-CF3

IR: (296)
Mass: (296)
M•R: (296)

F1 9 : 68.9 ppm, singlet, -OCF3
72.0 ppm, singlet, CF3 C(-O)-

73. C3F81N (CF3 ) 2 0F-NHF

IR:
Mass:
N"|O: (296)

F1 9 : 76.1 ppm, -CF3
134.9 ppm, -NHF
151.2 ppm, zCF

S.... p -r- 1.-l .8 cps

CF_' __

CF
0q, L~53 cps

3.2 cps
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74. 03F805  CF3 ' 00-F- 00-CF3

ZR: (296)
mass: (296)

N: (2 96)

F1 9: -168.0 ppm, doublet, -OF
68.7 ppm, doublet, -CF3
90.6 ppm, complex, OOCtF

V3-5 o*_..1r-25_Cp"-
CF OF

CF3-O-O'

75. VAgN (CF2 NF )3

ZR: (235)
Mass:

76. C3F12R2N80 (IF2 )3C-Dil{&NH-C(NF2 )3

1R:- (86)(164)
Mass,

77. C37304 CH3%% N0'~2

IR: (6) C3N0
Mass,

78. C4 C1F4 H10 N3 04  +

IR: (176) NF2 NF2 643
Mass:

79. C4 C1F4 H10 N3 04 H-HC -H-H 14

ZR: (176) N'2 *F2

Mass:
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80. C4C1F6H5  o4

CH5CK-O-~N-O-O(NP2 )3
Mass:
IMR: (292)

F19 : -26.9 ppn, -C(Nre) 3

8.C 4 FPH7 Ic nK(I)Cc2-cH(CzH5 )2

Mass.

MM : (17)

F1 9 : 4"d6 ppm

82. C4 F2 I 2 N4 0)2  H
0 N NF

IR: (274) ,
Mass: ~~J or isomer)

83. C4 F2 H6 N2 0 C' R.CH.C0NHCmIF 27

IR: (274)
Mass:

84. 0J 4F2 6 N6 07  F2 NCNHCOVHCH2C(NO2)3

IR: (274)
Mass:

"85. C4 F2 H7 N5 03  CH3  H-NH

IR: (274) 1 AN0
ii Mas s: P2:

•MM: (274)

Hl: Complex series (ring CH) region
CH3 peaks obscured by solvent
"NH absorptions 0.72 and 1.21 r C2 1H5

F1 9 : Two doublets centered at -38.8 6 (J 2 27 cps) and -41.6 6
J acps)

86. C4 F2 HSN2 c0 F2 NCH2NHC0OC 2 H5

IF: (27-1a)
Mass-
": - -- 148CONFIDENTIAL
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87. C4 1F2 HgIO CH3 (oH)N7gO2!. 5

I1: (274)
Mass:

H
86. C4F3H2N5  0 H

IR: (274) F~Mass $.NI

NMR: H

* 89. C0 43 5 ";2 02  JNNFU"0FCC 2H5

IR: (10)
Mass:
NMR: (10)

P19: 15.0, singlet, broad, NF , OF
53.2, doublet, -NFCO-, J - - 26 cps
63.4, doublet of doublets, =CF-, fluorimino fluorine coupled with

-OF-, 13 cps

90. 04F3H7N202  F2m •2

1R- (274)
Mass:

91. C4 F4 H 6  H
FN

IR: (274)
Mass:
NMR: (274) N- F

H
HI: 6.41 T (solvent)

-0.30 -(solvent)
6.35 Ti (MeCN?)

F1 9 : +24.0 6

92. C4 F4 - 4 N4 02  F2 NCH-DI"HOI co
iR: (274) , NC.-I(- H
Mass:
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93. C4F40t F2or2C0°

IR: (274) F2NCH-NH

Mass:
DM: (274)

H2: 2.45 r, 3.18 T, (NH), broad peaks
3.98 r, quadruplet, J a 17 cps
4.05 T, doublet, J . 24 cps (CH)

Fi 9 : -28.7 8, doublet J. 27 cps
-30.8 6, quintuplet, J 1 17 cps

94. C4F4H6N202

IR: (274) 2

Mass:

95. CJ4Fý 4 0~4 2  (72XCNHCin Hc)2
IR: (274)
Mass:

96. C4 F4 HBNo 2  C 3 OCHIF 2CH7F2 OCR

IR: (274)
Mass:
NMR:

97. C4 F4 ,8 X8 06

IR: (2 74 ) F2 NCH2N(NO2 )CIi2N(D02 )cHN(N2 )CH2 NF2
Mass:
DMR:

98. 04 F4 H1 0 N4 04 S2  (F2 NCHNHS02CH3 )2

IR: (274)
Mass:
•MR:
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99. C•4 H5 02  7F2 C)F'2 =O 2 H

IR: (46)
M~ss:

NO.: (46)

F1 9: -19.8 ppm, singlet, broadened, .NF2
+77.4 ppm, singlet ECO

+97.9 ppm, dourblet (J 1 12 cps) -CF2

100. CJFAN3 0ý Q -PH-cH2-0C('NF2 )3

IR: (175)
Mass:
NhR:

101. C4 FASN 5 07  02N-0-C2-4CH-CH-0C(N):.j

IR: (177)
Mass:
NMR: (177)

H1 : 4.42 r, "CH
5.20 r, >CH2

102.- J04FH 6 4 03  (F2 N)3CoN-C(0OH 3 )2

IR: (296)
Mass:
-Rm: (296)

H•1 : 6.12 .12
6.16 .r -H 3

mr -

F1 9 : -24.0 ppm, -NF2

103. C4 F6 H6 N4 00
CHOCH3 -0-C-'NH-0-CO(F 2 )3

IR:
Mass:
NRa: (292)

IlH: 8.7 T, triplet, CH3 "
5.71 r, quartet, >C%

0.55 T, singlet, >NH

F19: -24.5 ppm, -7'2
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206. C4F6117R0 (F2NC%~)2NCOIT(fl{0IPeIfl

I R e (274)
Mass:
NKR:

105. C•0F04N4 2 F2 N 0 P2

NMR: (274)Mas•i: F2N 0 ~

H': 4.49 T, t.rip.et, J 19 cpS

F19: -34.3 6, doublet, J a 20 cps
-33.6 5, doublet, J - 20 cps
31.21 8 bt'o•d band (impurity ?)

106. C4 F8 03  0
CF 3C-0-0-CF2 -CF 3

IR: (296)

Mass: (296)
101R:

107. C4 F1rP9 5 02 9 ,

IR: (86)
Mass:
NMR: (86)

Mac (2) 3 CNHC1 0H2OCm (F1 )3

IR: (163)
Mass:

WVE: (163)

109. C04 F1 ,3 H3 N7 %2 OHS(NF2)5CXFCH2Ck(N2)3

IR: (163)
Mass:
ME: (163)

110. C5 C•H4N 4 0o0  NH"N•2

IR: (6)N0
Mass:
MR: (6) +

Il: v2 w 8.89 ppm, v5  7.53 ppm, v6 = 8.15 ppm

T5,6 7.22 cps, J2,6 - 0.3 cps
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IR: (6)
Mass.
DW: (6)

III: ;l~inglot' VN[ 9.89 +kO2104"&
(v3 5 68.91 ppm

t w o d o u b l c t .(A ." 6 : .9 5 p p m J 2 , 9 C PS c p112. C,5C1CF]i 4I10 (Cal CHr 2NH)2co

IR: (274)
Mass:

1.13. CSFH7 72 0ý9  FC(W0N C H2 CH CH H

IR: (49)
Mass:
NMIR: (49)

Hl: 6 = 5.56 - 6.20 (12 line pattern, doublet of doublet of triplets)

cis 2 9 CPS, Jtrans = 17.5 cps, Jallyl = 5.5 cps
Internal o'efin proton at a terminal virnl group
6 = 5.06 - 5.51 superposition of multiplets (external olefin

protons of vinyl group)
6 8 4.58, doublet (JH. = 18 cps) CH2 in the fluorodinitroethyl

moiety
8 = 4.35, doublet (J = 5.5 cps) allylic C112

F1 9 : 1 = 112.0, triplet, J., 15 cps, fluorine in the fluorodinitro-
methyl moiety

114. C5 FHo•N0 4 S
ZR: f•HS04

IRe SO
Mass: CHi CH
NMRl: (45)41

Ill: 116, 137 cps, multi let C
3.13, 3,10 ppm 44
4.28, Jdoublet = 2.8 . 0.3 cps
8.83, Jdoublet, 25.2 ± 0.4 cps, Jtriplet a! 3 cps pair of un-

resolved triplets

F1 9 : -157.53 + 0.03 ppm, broad doublet (U[F), J 24.1 t 0.5 cps

115. CsF2 H9 NO (274H

IR- (274) NxF2l

Mass:
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1.18. CSF 2 HgN 5 03  02HSOCH-DZ

I C'M102IRI (2741) F2 DCH-A
Mass:
NMR:

"I1. C5 FAUN 4 02  P2 PTCH- CHO

I1R: (274) F2NCH - HO
Mass:

118. 05 F4 Fl8 N;4 0 ciHDN(cpiR2N )coN(cii~pr 2 )bý,

IR, (274)
Mass:

119. C5F 4 Hl 0 N4 0 F2N0H 2 N(j2 H5CONHCF12IF2

IR- (274)
Mass:

120. C5 ' 4 111 0 -'4 0 0ECH3f(Nr'2 )NHC0NHCH(DJF 2 )Cvf.

IR: (274)
Mass:

121- C,5 F4 HllN3 0.

I1R: (451) 2
Mass:
INMR: (451) 4

0
122. C5 F4 H11W.3 0

IR* (45'1) 2
Mass: 

0~NFWI4: (451)

H
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123. C5 FS5116 N3

IR: (440) N?2
Mass *

IR: (315) NO2  N?2
Mass:
NMR:

I0 N?,

125. C FH 4 N,~O C-C-0-CH -CH- CI1T

IR: (29,1)
Mas s:
NMR: (294)

li2l: 11.5 T, >('1Lo, mixture of Isomers

P1 9 : Isomer ____ Assigrent

75.7 ppm CF3
A-43.0 ppm -?

10. 8 ppm =NF

T?-37.7 ppm -N?2
49.0 ppm =NF

G. C5F6H4N8C) FNC-N-~CH2NF2

IR: (274) FN-C-N-CH2NF2
Mass:

Hl: 4.41 'r, triplet (, = 24 cps)

F 9:+31.4 8, ýingl-e peak (C.:NF)
-44.0 8, tripl-et (J 24 cps)(CH217l2 )

0

w7 CSF 6 H6 N4 -2  cH2 =cHCI 2 0oNHc (N, 2 )3

IR: (86)
Mass:
NMR: (863)

*.55

CONFIDENTIAL

-----------



CONFIDENTIAL

Mass.

2 51'0 7 N303  0
XR: CH3CH~o-8-aC%' (NT2 )3
Mass :
NMR 1 (2 94)

F19 : -22.8 ppm, -NP 2

129. CsFvHýN303  
0

IR: (P,2N)3 Co-CHw-8NH

Mass : CH3

NIM: (294)

:-23 ppm, -L?2
+123.1 PPM, doublet of quartets, ýCF

24 /
130. 05F8H5N303  

0es

IM: (294)

S.4 'r, -CtHs

F19: -21.3 PPM, NF2
76.0 ppm, -CF3
139.1 ppm, -NHY

131. VA8HN 60 F12 NCH-N1-H2P 2

IR: (274) goCN-ip
Mass: FNHN62F
DMR: (274)

Hl: 15 peaks (triplet and pair of sextuplets) 4.15 -5.72 ~CH2 groups and nonequivalent ring CH-rings

F3-9: -30.5 8, doublet, J m18 cps, C1H172-43.2 8, triplet, J m21 cps, CHOTF2Doublet:triplet in 1:1 ratio
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13. 3F8"8 60 (p2NCH2 )00cN0140rý )2

IRt (274)
Mass:

133. CSF 9H4N303  CFS-C-o-CH--CH2 -0C(N7.)1

IR: (294)
Mass:
MM: (2 94)

Hl1 . 5. 37 >,. >CIr

F19: -23.0 ppm, -P2
75.8 ppm, -CF3

1.34. C5Fl3H3N806  0N2F-qH

IR: (175) (F) C";)
Mass:
IBhM: (175)

F1 9 : -23.9, -'M2
+118, -CF

135. C NAsH3 06  (a)

IR:02 
2

Mass:
-__ (s) (b)N NHNO 2

H1 : a - 8.97 ppm, doublet,

b - 9.19 ppm, doublet, -,4,6 2.50 cpms

136. I5 31tSO0

IR: (6)
Mass:
i: (6)

Hl: v MN02 =, 11.07 ppm

iV2 , 6  9.02 ppm-
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137. C5H4N404  u(b)

Mass:
No . (5 ) Hl(c) 1111112

HI: (a) 8.00 ppm, doublet, J: between protons in 5 and 6 position
4.8 cps

(b) 8.74 ppm, quartet
(a) 9.24 ppm, doublet, J: protons 3 and 5 position 1.4 cps

138. C5H4 o404 N

IR: jNO2
Mass:
NKR: (6)

Hl: Protons 5 and 6 position JS,6 a 8.16
V5 = 7.64 ppm, v6 - 8.26 (t4o doublets)
proton number 2 position v2 - 9.04 ppmn

Jp.$6 0.3 cps

139. C5 .HN404  IN02

IR: (5)
Mass:MM: (7)

H1: v2 ,6 - 9.19 pp
J3 5 0 7.10 ppm

140. 5 H9 N5 01 0  ( I10
(o2) 3 C-CH-N-CH(CH0H)2

ZR: (176)
Mass:
NvR: (175)

H1 : 4.40 T: ZCH2-C(Nc2)3
5.25 r, -CH
6.25 T, -C i0H
6 .78 T, -CH 0HN

IN02
141. C5H11N0 4  CI{-CHe-CH 2-0H-CH2-N 0

ZR:

Mass:
NMR: (2)

Hl: &-methylene protons
8 - 4.15 ppm from nMS
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142. 06VHIGKOr CoHFC,02H(Cfl3 )2

Mamet
Ni~: (17)

P19: +68.8 ppm (relative to internal Freon-11)

143.. C6 2HA8 08  Co

IR: (274) H21A< ~H2C~T>),• ;Mass: 0

S* i M4R: (274)

Hl: 5.08 T, triplet, J-'C2n 24 cps
5.01 T, peak ' H)
4.88 -, peak INC(N02 )3  , ratio 1:2:1

P19 : -44.5 8, triplet, JTM 2-CH2 - 24 cps

144. C6 F2 Hl1oX0 2O HN(NrOC

IR:

Mass,

F1 9 : CHCI1 solvent,broad absorption at 87.8 ppm

CH3CN 92 ppm

1.45. C6 F4 h46 X4O (FNoHNHCOCOOH) 2

IR: (274)

Mass:

i146, C6 F4 H1 X2O2  HO Q H

IR: (274)
Mass: F2N 2

147. C6F4.H10N402  (F2N0NC0iCoH 3 )2

IR: (274)
Mass:

•|I,
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148- 00F4-H10~4 04  (FeNCiMHcooH 3 )2

IR: (274)
Mass:
IMR:

149. C6 FO 1 40682

IR: (274)
Mass:

MR:

F
•sJ., %Fs•soS 2NCH- 3•IRi (6)

Mass:

NMR: (274)

Hl: 16 peaks, 4.03 - 5.68 T
consisting of singlet CHC(N0•) 5

triplet ClNF2
and pair sextupletsmagnetically nonequivalent ring CH-rings

F1 9 : -28.8 8, triplet, J = 21 cpsl
-31.0 8, doublet, J .12 cps NF2 positions 5,4, and I resp.
-43.6 6, triplet, J = 24 cpsJ ratio 1:1:1

152. CJF6 81'T6010  (o2NOCH2 )3C-cI 2 -oc(NF 2 )3

IR: (174)
Mass:
MR: (174)

Hl: 6.05 r, singlet, -CH2 -0-C-
6.15 T, singlet, -CT1 2-0-N0 2

F19: -24.7, singlet, -NF2
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153. C6PAHN 8 07  (F2I'MH2 )2NCON(CH 2NF2 )C.H~C(N0L, )3

IR: (274)
Mas 0:

5s4. CAF6H11N3 03  C2 k9CH-yI-CH-oc(NF 2 )
OH

IR:
Mass:i iNMR. (.178a)

155. 06 F6H12N60 (F2 N)3 o•o'c1N(CH3)21
2

IR:
Mass:
MM - (297)

Hl: 6.87 r, -CH3

F19: -24.5 ppm., -NF

156. CeF 8H6N60 '2 F

R:(
Mass:

157. 06F8H6%o0 2  YHO

T-: (274:) Fe H.O
Mass: F2N

6H HCNF 2
NMW: (274)N 0

CHO
Hl: 1.09 T, singlet (CHO)

3.68 r, triplet, J - 23 cps (Ring CH),
each peak split into doublet J 4 cps

F1 9 - Complex spectrum between -40.9 6 and -36.3 8

"158. C6F8HSN4  NF2NFF

IR: (274) ŽO F
Mass : XF NF2
NMR: (274)

Hl: 7.61 r, single peak

F1 9 : -27.4 8, sing-le peak

"161
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119. C6FsHsN4 02  Me Me

iF: 
(274)

Mass:
NMR: F2N 0 NF2

or isomer

160. C6 F 8 HoN6 04 S2  020H3

IR: (274)

Mass: (274) F2N2H NF2

N

S2OCH3

HI: 3.95 T, triplet, J = 21 cps (Ring CH)

F1 9 : -41.3 8, doublet, J - 12 cps
-38.7 6, doublet, J = 12 cps

161. C6 F9 H6 N3 02  F2 NCH2- -CH2 CH2 OCF 3
NF2

IR:
Mass:
NM?: (440)

162. C6 FloH4 N4 02  (F2 NCHNHCOCF 3 )2

IR: (274)
-- IR:-- ~Ma s s:

163. C6 F1 2 H4N6 06  H02C-"H- qH-C0 2H

IR: (174)9
Mass:
NR:

164. C6 F1 2 H4 Ns03  (NF2 ) 3-C-N-C,=O

IR: (86) CH2 -0-C-N-C(NF 2 )3
Mass:
INMR: (86)
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1ý65. C6F12 H5N908  CO FD N IL(N02)3 C-C~p g- CH2 - r-C'(Nr,):

IR: (175)
Mass:

W~I: (175)

F19 : -23.8, -,NP2

.166. C8F12H6N8O. (F'2W),3Co-CH-CH-0o(NF2 )3
C% H2

IR:- (174)
Mass:

W~fl: (1.74)

4.28 rCH

F19: -24.0, -N2

H1: 5.5 'r, OH2o (trans)
4.45 r, OH

F19: -24.0, '72

167. C6Fl2H8N804  (F2N).3CO4H2-- CH2~-17CH2-cH2t-Oo(iNF2 )3

IR: (178)N0
Mass:
NýM: (178)

F1-9: -27.0, -Nr,

168. C7F2H15N03  (COS5 )2CHC(OH)NP2CH3

IR: (274)
Mass:

169. C7 4H6N2  9,6H5

IR: (315) 2
Mass:
NlMR:
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1 0 - W 0 0H 8 1 0O 13  C(0NHe .,,, h c o

Icn- (274) 1 P2NCi."~
Mass:2
NMR: (274)

Hl: 4.70 r, triplet, J u23 npn (CIHCFk)
3 peake 4.84, 4.62) 4.Tsr stoeri ~10nda'ane of CjjeO(Nca2) 3

F19: 45,2 8, triplet, J P-3 cps (N-OH07-2)

)71. C7F12 W7 1103 0 g0

In: (176)
Mass:
IMR: (175)

HI~: 4.30~ -CH2-C(1T2)~
5.08 ý, CH, -cH 00 2

F19: -24.2 ppm, Iq2

172. C7F12H8NS08  (02N0CI{ 2 2 -Cý-CH-0-C(NF2 )3

Mass:
NMR: (174)

Hl: 6. 11 T, singlet, -CMt?-O-C(N~F2)3
6.22 T, singlat, -CH2 -O02c.

"'19. -24.4, singlet, - . I

173. C7 H61:0 (F2N).3C00e~f2-H- C11-CH2-0c(NF2 )3

IR: (149)N:0H
Mass: 

F F

-2.8 sigeCO > NFIDE TIA
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17"3. C8F~j4I~N 2o 4  H(Foc~I 5)

IRI

Mass:
NMR: (16)

F19: +90.8 a

176. dsF4 HSo 4 02  (kNcmmtcCO0H) 2

1R-. (274)
Mass:

1-77. (i8F4H8IN2
113C'

IR: (315)E
Mass:
NIw:

178. C8F4H14N404  (F2XaN~ftý'C'C 2 45 Y2

IR: (274)
Mass:
NMR: (274)

Hl: 5.83 T, quadruplet, J = 7.2 c;% (cH)
2.17, 2.30 T, broad doublet, J = 7.8 cps (NH)
3.8 - 4.8 T, crnplex multiple• (OH)

F1 9 . -26.9 8, doublet, J 27 cps
-31.0 8, singlet
-35.2 68, doublet, J = 12 cps

179. CJ8FHI6i'4802  F2NCHI- -v2F

IR* (274) F,'10H2-UH-NC112N%'
Mass:
NMR:

180. C8 F8 HI2 N6 02  ( F2 NLHTNHCO1•CH2NF 2 )2

IR: (274)
Mass:
NMR:

165
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IRI

Not: (453) [ ,o~ I
182, C01FH01O0 U N~N 2

1. 12
ZR 1 (2 74)

lis-3. C SV12ýH ek~1oo10  fN1
Mass.:
NMR: (178)

7.02 r,-CHe-Me2-

r 1 9: -25.1 p~mp singlet, --NF2

18, 8F18 15A-1 006  02N-o%-cHc[Cf2-oC (rF2 )3]
3

IR: (176)'

1W (176)

H1: 6.04 r, singlet, -0H2-0C(NF 2 )3
6.07 rý .-0H2-0110 2

F19: -24l..5 p~pm, singlet, -N1F2

185. CSF24H6I'112Q4  (F2 N)3CO-CH2- H- ('II-CHf2C(NF2 )3

IR: (174) 6(Nk 3 C(NF2)3

NMR: (174)

F19: -23.6 s inglet, -N2
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186. CP2jN

ZR:

C. .&4: 7.-=. ,c~~x rmtcmiiJNm, (49)

ql: 7.4, - 0.0 8$ complex wAomatio Multiplet

1.5 8, symo triplet, -a 1.0 api
1.2 6, smAll uinglat, acetone contaminant

F1 9: -25.3 0, broad siglaet

187S. C9F4,. 16N#O4  oaN2 T(%F 2)c )eOOC2S)21

XR: (274)
Mass.,

le'3. C0F121110 12  ~

IR: (274) ( 2 c~) ~ ~ (f~p)
Maw:
IMv: (274) N(CI.NF2 )2

H3-, .4- , triplet, J - 24 cpps

F1 9 : -45.6 rs triplet, J 24 cps

189. CIoF0HIaI • p

IR: I

190. C10 4 H1 N406  (F2cmwCoC02)2

IR: (214)
Mass:

191. CoF'4 HI6 N4 08 S2  F2 N J13

1R. (274) 'O XMass: CH30CO N.1 NF2'

NMR:

167
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1.92. Cle1'1 H14N606 9 OCCH3

H- Q-00(19 2)2WU
IRI (175) rmHN(v) 21c0- H

193. C IOP12H SN IO04  H Or C O .. , - M 2

Vlt (274) [ 2 NH-g

Mass-.

194. C10?12H12 " 806  g0oC~FCH(3

IRI (175) (F2N)3C0-CI

MMs: (175)C~

195. C10F12H'12N10c02 CH3 jy fW

IR: (274) [2NC--ir

H1: 4.02 T, triplet, J 18 cps
5 .50 -r, doublet, J 12 cps

F19: -26.7, -30.2) -32.5, -33.7, -34.2$ -37.3 8,

F196. Cl10F12H12N14010. 1,19

Mass:
NMR: (179)

Hl: 4 .50OT, singlet, -OH20c(IVF 2)2_4.90 -r, singlet, -C(NI2 )2-C% 2 N('T02)-
5.88 r, singlet, -C112-CH2-

F 19: -25.0 ppm, singlet, -NF2

197. Cl0F12H18NO 2  (F2N)3 co- (CH2 )8-oC(X'F2 )3

IR: (179)
Mass:
NMR: (179)

168
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197. (Concluded)

H1 1 8.0 -8.7 Tj internal -CH2-

5.5 -C20,V23

198- C1144H20N4 06  (C2H1OOC0qH)2CHCH(Ni' 2 )MiooM

IR: (274)
Mass:

199- C12F12H10N16014  I(NI2OeC - %% 2

IR: (274) F2 H6~ 2  2

200. Cj.3F4Hj4N202  NP2 N112

IR:
Mass:
MM: (453)

201. C13F6H22IN6O6 HC[N(CNF2 )CO2.]

IR: (274)

Mass:

YH2 0 OC(NF2)3  H

IR:. (166) I (FI2 -)CH---C-Ho-H2-dH.l
Mass: L C(NP 2)3  2

204. C1 i2 iN180 2  H~ CH-0- -CHL
[F2N)36-H2 I

ZR: (274) J (N23
Mass:2

1690
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204. C1 6 F1 HIS6 N1002 (Conoluded)

H1: 3.95 rj triplet, J - 19 ops (CH)

6.4 -P, quintuplet, J a 6 cpu. (ax)

Plgt Indiatinot speotrm due to solubility difficulties peak -29.9 6

205. C18P,9 %.SN8 0g 
(NP2)3C0(CH2)1S60C(DN2)3 0H

ZR, (180)
Mmas:

206. C12DSN0,i1 
DN03 .200104&

IR: (121)
Masa:
mm:

207. C1F2N N201

ZR: (518)
mass:

208. ClF 0 
ClF30

Mass: (425)
MM: (425)

S=209. ClF4,(?ol4

IR:
Mass:-
MMv~: (76)

F1 9 : -271 ppm, in AsF5 soin, broad
-265 ppm, in BrFS soln, doublet

210. C1F4N=2  
FN0-01F30

IR: (423)

mass:
--W: (423)

170
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211. CIo5

ZR: (359)
Meant

S212. 0lH 4N0

ZR: (100)
Mass:

213. Clo2  
ClOG

im (534)
Mass:

214. C12 HNo0O 
1 2O 1O4

ZR: (121)
Mass:
NMR:

215. C1O20 
22

IR: (533a)
Mass:

216. FkTO 
FNO

IR:
Mass:
NMR: (420a)

217. FNO2  
FN02

IR:
Mass:
DM: (420a)

218. F1 8 N03  
N03 FI 8

IR: (284)
Mass:
1MM: (284)

F1 9 : 221.5 ppm downfield from CFC13
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219. F02  02F

I.Rt (532b)

NMRt:

220.. F03 03F

TR. (5s2b)

lass-:

222. F2 HN '.'MN% (solid) at -160°

IR: (232)
Mass:

223. F2H3NO H20.HVF2 solid at -160*

Th: (232)
Mass:

224. F202 02 F2

IR: (263)
Mass:
NMR:

225. F203  03 F2

IR: (532b)(263)
Mass:

226. F2 04  04 F2

IR: (532b)
Mass:
NOR:

172
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227. PS±

In: (379)
Mass.:

228. 
W3 0 
10 solid

IR: (12;.)
Mass:

NM0-N22o. -r3%021in: (11)
Mass:

2130. P5 ab 
SbPS

mR: (e9)
Mass:

231. ?8 NOpt 
N0opt1~e

IR: (571)Mass:

232. F6 NPtN2 
t?

IR: (571)
Mass:

233. F6N2 02 Pt 
(xo )2 PtF6

IJR: (517)(513)
Ma ss:

234t F6 N2 03 pt 
N2 03 Ptp6

IR: (571)
Mass:

173
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T 235. P7NO ! :NO] 
F7

•R: (S70)
MABS:

236. Fj ... - F6

IR: (477)
Mass:-

237. FI 1 Sb 2 ... Sb 2 Ff. ,

IR:
Mass:
Nm: (479)

238. F. 4 sN:2 •. 
e2F4 .2Sb'% compjeýx

IR:
Mass:
I•Av: (490)

239. H202

IR: (330)
Mass:
NMR:

S~~~'I,,,i,.:,

S, :t 4
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